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_1 --J_jl Ijj» :J_jVj_C _>-.L->jj Jj_2j 

L_s .12». __>j-1 ___1_. «dJI 5 -J». _j_i 
,__jj| _i_j .« I — _ Ju-a _jS_ _ I VI .'I ,lr 
___; -LIjlJI ^ _ L___VI l_L_I j_,j _t __ 

->Li_-J1 __.jj_i ^ ' — ■ I j" *--e <___Lu-a 4_L____j 

J5A». i~i ntoLu ji -Lfl ijJI j _I 3 iuj.«.Uj 

cJjj-. JX\ _J ,<1I -__,,_. L__JI _ 1 ljj__l 
L^L_S (-J-C. fjjj .(JUJI ,__ jj_-1 ___t-« 
JjJ -JUI l___j__,3 ^ Vj jJI -j^ 
. 4 * i>Jjll,l i_jjj_>JI Jj-ij .4ji«1l Jl n i"ill 

: JLfl __» ItiTa «___. — »j». ^cjJj» _)L_i J flj -Luii-JI _L__j. i I ^i^» 

_a , ___« I Jl__ ij )b-JI 

^_jj_ ojjji jl^ij jLsji ^jlji i^Tr^ 

J_UJ| jLp.jj| J__,L_I <L— _~4 ,a,11 

3j_Lj-_i jij__V_ ._ji _.yi j-.jl_ji _._ 

OJ^-^iJ .JC_JJ__JI __J_JI (___. (jjjjj 
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»_LJ.L_»»J_t_ 


__--. J-J.I S — jj__u_-j .« L_>jL_w (jj L-tjj <LoL_JI I _>Lii_j _,__J1 --' _____! 

i--L__Jlj J-JI 4-_c t-ijJL _____ Jjjtji i-i.njl 4_.}L>JI j*^jljL»j[j (j___._>i-_l.lj 
_>_,_* jj» <-_U_> _>_-. jj£ L»_> i3j_>l_J1j _--L__JL -7jj_)_« (_-_l Juj j j* - ii* tj— * Jj 

Ij^ 4_UI (_r- 99j L-L4JI 4_jUI ,__- 1 _,_. -L>j_i±_JI» JLS (j____ «_>j — ^jj! 

•«(j^ _i--"J 

3Uj___j_ I _j>G ^-_ ^jjSJI 3 jrln^itt t_jljj_ I 

-GLls- l-Jjj (___( (jLujyi IJu "'• ■ ~>" 4-l_-i 4jlj _i _j_> l_>^_lj Lo j_La 

J__a ^<l*>' Cj"jM -t_o ___ 3jL__-JI £____> __Jj 4_>_ilj i4___j -u-JI 3 j_lj_JI 

^a" . >L I Jj-*u 'Ij-JjJ ^ rj* ' J --JJj >_^-Ji_>-' — t-JJ -Ijj — iiiJj (_.jJlj "-tljjJI 

l_Laj___ I < ii"iTr a jj iuJ i LjjI JU 1 1 <i" -r a 4 ij£ _j_a LjJl*. Vj_>u (_Jj _i_JI 

(j_>lj_Jlj j__JI * 'j ■ ■■**' LJ_>lj__ jj-u 
j___.L_>JI L___jj _-JI j_,____ jul — __JI (jj-aJI 4jL$j j-Laj .i_£)ljjS.Vl (j_o Vju 

(j-t jj.t"!' «Revolution Sjj— _» 11 — « >' ■ l ___ _>l _<_-)/ 1 uij 

_5j j_JI j<aii ,-.i^. J _»„ a^^i-.tij ,^^-,-.n *j^ - i-_ti ,-.Vj — -.ti 

.5LpJI ^ljj __.____--« ^jJI ^jJj-iJI __tjL.VI_ jI£-_-jVI (> J-Ju-Jl 

Jj_ll -Lt _.__-> j JuJu-JI i 'K ,„ll .-.Ijl Uttj -^La-JI -_jl_>j_>J.I Sjjj (j-a Lju 

i4jjj-ill Lx>.jJji'v"illj ii__>l «ji_Jlj l_>I i inL>Jl ĕjjjj t-4_jlj i-Lj _u_Jlj 

l_*jL>JI (jj--JI Sjj—j» _> i__jj_> Sjujl>- 4 j->-jJjj_>-j SjjJ Qj j~- ii" ,i lj j*- Ij 

. jjLill I j-WjJj__J (_-_>j l«(jjj Mltllj 

VI ,j_-_ (J 4_i_sL-_m -Lj-^jJjK"'! _jljj__JI l_U_ _)l ___ i^J _■ -_->i (jj-Jj 

'-■ i j ■ ■■' -ulj-S-ijlj CjLcI J-iJj ^jJj^J .'***^ JiS-^J (— IjJ-a 'I ■ — ^K, 
4_uJ-_JI 4jj ir->U _r_ijl i *->-«■ II (j.* J_> l^oj-sLLa ^j i ijuj L^jL*-lj L^Cjj (___ 

4joji"-yi jj-ui _ji 4jjj_ji asu-.n ^ ---^-Jij 

iLjlo __!;___> «: ____; _____!! Ljjji 5jl___ (__a _>__i.Vl _J_. j i4 «i.L_JLI 

-laj . (j_sjjl - J^_>JI j j * 1 1 j (oJJ_JI j j»*jUi_JI l_*_>l uj L^-ejjLi _j_« 4_SJL-_. 

j»525 (»L_JI _j-« spAll ___ Ljjji _-ic i-iioj-s _-l!l ij_^vU_JI jj'-"* <>1 in*i'il 
4_> _;jL _;jJI L13 j jl _y. (-jjjJI --!>L_-5VI j______ iju ij»1500 (_L_JI _, *-__ 


yS ^jjj^l 5jL_JI 6 UL_ -Ujj j*-, ,„,1(1546 - 1483) ^ j_jU 

SLa. IjCj ,<-»jlj i4jjjj«JIj 4 — Jj i s\ 1, 1 (j__ijl ir-»-».ll l_iL>.j_*_o (j_« lj ljii~i — i_j 
■ -■■JJL— Jlj (__JI l4_-lj_t SjuJo- 
f i i Kt fl -> - <__- j____ *_>L_JI (jj-JI J^-ljl j— « Lijjjl lt 3 *UL-!I J-»J — luI J_)j 

ijl L_i>U (____-JI ^LTlUI ____ SjLa-j-U 4j-a-_JI SjJ-L- __jj Ijl",«j1 .^jjjlajj 

L__i_JI j-s C-)Lc _, "ill SjLoJI jl JlL _, £ Sj_u£ 4 i _)j",-»j _, II _;_! I «j» 

__3 _-JjVl 4_^Ll__JI "jjUI ------ JL9j • jjjj- 3j — — C ______ I 4_jj_ 4ji/jj 3j__ 

4_.LL__j 4jjlieJI CjISj -J.I ^i^-! C----1 Cu> .1780 ^LaJI <___ ' /''Kj,- 

jjjiajJI ,___ SjjiJI ajujs l_ijjw — luIj .S j^jiKjU 4 II, ligjl £j_) _>_>j4jj u_JI 

r.iSr lj. LaLc 60 (j_« k_jj_jj Ljj JIjJojcJLiJI 'I , --«I^U _ _ - ,-.IUa &l i.Vlj 

1 840 j»L*JI ___ cjI ja i.-,j-v i L«Lc 60 Sju» LlojI L-jjf|-iinl "ljjLj "jjii 3jjiJl » ju» 

4cLL__ __A -_}Uc 4 rl'n^> __J jj SjJjjj JjJlsJI _1_ _JI JLauu i-.i^Ti^-lj 

,JljjiVl _>-jjj 4j«i"M JljjJI _$■.! i^-i"i"\VI JjJjII 4j j_ U-l nilinllj J__jJl>JI 
ULLjjjj __L_ IjS-j- JjjUI i>juj> jSLj («Jj . f lj_, j__ __L_ 4jj — _-JI 4jflnll __9j 
. LjLLlj L-_jj- Lj-La ijjj-i-l 4-ujjjl JjJ Uj j x ii~ _-_, __SjL__ Jj .iUS'4 
J-_-a __-- S_Lj _,i."i 4 ajkill 4j*.jJjj£L"JI L-jljjUI jj __3 _l _ _j 

oUL-Jlj _njlj_UL 3 .,n.U .l_>UIjuVIj oLcl j___-_'I j cjIj___j_M j-Ljl 
(__*>. j__JI Ijuk ^jl I jJ ;4_,jSL_JI 4jSJII ij-SL». 4jU--J 4l,LSLUI 

1802 j»UJI ^ ,j-jjL «Jukljua j.ljjl JLJU "lloL>. ijuijjl Cjljjii JjIju (^JI 
4jLcIjuIj ijjSLs L~jL>.jitu9 j o"m i „JJ j^"-rj j' lt^ oL^V l_iJlS"| Jj]\ 

ILc O^jljjj^jaiUag-j iiijjJ 4^Jjl-JI "ulj_JI 4JjuUj l_U_ _)L_j .4 jl"-1l 

. -^l j_i.VI cjLI jjj 4jjSL_JI 4jS_JU 

4jcL___JI "jjiJI [^J\ C-Laj ^-lll ju — i__JI 4j_wjui Jju 1900 |-L»JI «,_y-eJj 
CjLVjJI __JI L)j£, 4_icl LuaJI Ciljj jjl jJJc-ij _JJJ-l «jil « j-*> J___l_ i4_u_JI 

cljjiJI l_U3 \^s> jjie: (___!! jjjLJI (___ __ljVl SjJLI j_J Lju- .^jSjjjj^I Sa*lU 

CjVL-_ju 4_JliJI SjjUI rim-^lj .4uJjjjVl SjL__JI jljJj {jc IjLuu 4ucLL__JI 

C-jlS" I-Ij.CjIjIj miII 4x.L_j iCjLjUjSJI i4jjj^SJI Cj-jj a-UJlaS-.l ."« 

4j_U__II jcJLlJI LJjji li Lu-i___ SjLjjw- 4ju_- _JjJ_- 4jjJ_ij 4ocLL__JI CjIjj-JJI 
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IA^\ 3j__1I oWyi _JjL____ jt Lu^ c£> ,4_l»j_JI j cL- jJI ,_J! 

l^jl i_,L__ j_: ____. _,_!! jL>LJI JiLo i4_ujjjt jj£. 3I j — c.1 L$J _Jj — i-l 

(2000 - 1 950 ) 4_ul jjl 4ji_L___JI SjjiJI j_o__ <> _j__ ,-^L.-_ ..VI 
4j_L__j ,-.Uj_--lj--Vl .,V.VI 1^jJj__.j j-^ll^I _VU*-p _->L>JI 

. I j_ — ajj (____- LajLjI _)"ij« 1 LiJj L« (___!! Sjj_l _lij i__1^_4J_jj_jJI 
l_)L«j__>JI ■•■'"ji i<Ljl_JI 4_J,L_JI l_>j->JI «L^jjl ,jjs 3jj_».j 3j__S Jl*JJ 

j__ ji >4j^jjjsVI 3j „_J,I __LVjJI _ _L__j .(« IL_I t__i! ^j.ojw u 3 

:Ll_-! J< jt j£Lxj ____JI J__JI JL_*~. <> 3j ,,<ll -.IjUT, ,„VI 
_,4l*1lj _,l"i«ll ^jLUI ____. 4 j ; 1 L I __ljj_Jlj __lj_iL_JI (___■ 4__JL 

(«JL-JI _jI-L_« _^1~ dUI . ,.tlj jj_J| (j4 JLjj-4 (_P=JJ3 (__j*J L— 4 1 jl L_JJ«LI 

fUnH\ ,_-__1 ___JI ^ V ^l JjjJI l___ ,>_ jt ,L_4j-_. J__Vl 

J__- __lc (jJjJ— I 4j£.L__l -jljjiJI i-,iAj-) JlSj j«Ktl 4j_jJIj 

*L__jVIj ^.aj---4 !_gl ^jjlajj tLjj __S JUI _>-!_) (_-IjJ <_>— > _,_- jL»I_VI 

j-I j_lVI j jL_jVI (> (jL_>U y_k_l -LjJI __-__! jl_ I jJ I a J L__L 

. Lc.Laj3.lj LjL__l j-jj^jjlj jjjajjl _jj___1 J j-w jJI (jjjjj—l j_ 

(_UI j 4__>.}_11 5.j.cL— I —iL—U—^lj __ljj_JI ^yi 3J — ____JI __ jjuj 
j3j Jja <:ilj4_ L_lljjljJ.ljJj„ljL^I-VL^(^_l J j:-lj_l(^lo J t 
___J1 «Nanotechnology jjLJI L_o.jJjj__» __._ ,__L«j_J.1 L__.jJjj__ij 

-ju_ _i-j- ij-l j"Vl 0 j_ ___ L_al i_4 __1_. L_,lju__ JJj-J La Ij j',*^ 

JlA.\ l ^jL__VI j-J^-l ___ JjVl ____jjjJI jjjJI 4jjJl_J,I L>.jJjj__JI 
i((jjj Mitll j (_£jL>JI (jj—J I L_w jj jj__i » j«_ L 1 " 1 1 ĕi I J_3 j_ (j^aj 1 _j_Ll (^yJ— 

. (_j li_l uj_c 4jIjlj LjajLi_ (_;,_ tj—j lS— ' 
LJjj". j-a (^ylll tL _VI (jjs jj— ■ (_,£ J_JL jjLJI 1 — jjljJjjSu ji >-jjj 

Jju Ljj 3jjJl>JI Ij-yjjj i^',11 i__ (jjjj_ j_iL_j Cj> ^j i-Ll jt 3jj irtj 

(«jL—l jjj (_y^ l__Oj LJL>. 4jjL>Jl 4j0llll — L*jVl (^yjjP _Jj _j .j»JJ 

<\ i«"l , nVI jS—U V I 1 fl * ''3"^J — I— — — Jl jtLJtt-y (^ Lilj"l 1 n U jfl |_L_I 

L>.jJjj_j ____ |»Ji _JI jjsj 1 1 , In 1 1 j 4___l JLa_ (——- • 4 n,j i\ (f) jt 4j_ 

4l-l_JI 5 _. 1 1 4jL_ jJI <<u^_Z pL_,Vl j£__j _3j___ .j~j~ 1 1 
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,_, jjl i ,i„LU,l tljjjl jbcjj — $J — -ij '_i_i-JI (jr-i-nill ___ 4_la_J.I 

_Ujj t-Lj^pil l__3j ,3__- _Jx. ji-Jj-a J_J 1 ir-i_ii<-i-- |<uuaj __jj_, 
4jLJIj ^aTo-U JL-t-a ,__j . L&iia i_jj_j_I.I jj_ ijjjUJI j_VI i i ) -sl —3 Jljjj 
__l_. ■>! «ilr VI _h» jjjLJI L_-jJj--_ jjju __j _.«jj_*_JJj 3juj_>JI -jjLLJIj 

_JI - /_--lj u tjjUII jLJIj Jjj-JI J-a - 4 j.LjliTill 4_>U_JI jjl — __a 

L}L>JI JLa ilijJLi 3jL_ jj_.ji_.j_l« Alternative Energy iLju jjL__o 
Jjj_-_ <_._ (___Vl jjjJI (jjjjj __j___, -Jjj<j . Solar Cells 3j ■ .. 0 .^.ti 
4_L_J1 j ._rlj~VI j ^LjJI _jL__LU _j_ 3_Jj_il 3a.U:1 I -.L_L_JI J N-' ■■■ ' 

4 n_in->- _JI j»j-_ — J.I jJj mi« 1 1 jj— Jl J^— - Ljjlj ^Jjw (jja 4_l_>jVI 4jj1j_>JI 

-^JJJ __j__,j .(__!L>JI jj— J1 j-» 4 L ii 1, 1 j i n 1 1 1 _)l j i i nll J5L_- 4 M.jt ) -__l jj 

_LIjj .^jLo-jjJLj^JI 4_l_JI jjj 4jl__J1j 4±«l_JI 3_L_l_uVI j-LJI L_»-jJj___i 
(_ysL__Lal __a 4-JLJI i » lj _j j ji" 3jj-_v 4jj_LajjL jlj-« j»l__*j —L 

L^L >-j c jLjjLIoj 4__Ll_> __a j_j Ul __1*j La_a (4Jjj_%jj (j-L-wjjjLj^JI jl — 

I i ;< «.'i _-j _. La-jJj___JI _lij jl _JI 4_3l___>VL I j_> .___^jj_u$JI jj-ijJI 

j__s?J J__a_3l j>l.lir'iinl J>L- _-a 1^'iT^Kaj _jjj_ I jjL_va __L_ i ,lt"i1l j-a 
. LJ 4_>-_J,l 4jtj iU1l 3jj_JI jjL__aj jjlj_JJ 4_JL_> 

jl>.jj (__JI Atomic Structure 4jj_JI 4_JJI 4 Kj^ 3jL_V 4_s_j1__j 

jVI JJ-aj .Grain Refining I $-1 m j--j L^Loj-a- jjt ir-»"j jljil I — $ol_ 

_,_>! ji-j >C-a-j _-JI Nanomaterials 4__jj_LJI _l jil ___ __ 3_ijj->. jI j__a 

jl _j_ljj_>JI _il j 4 jjLii__JI jl j — Ll __a 2_j >.j_a j_l_ Sjljj- Jl ->j 

(__<; ,LjJ -jLJI jt__ij I «jj ,Large Grain Materials 5 j— jj-JI -.1 mi-JI 

. 4-a. V ii" aj 3j_)_L>. wjLcLL__> ___ _LJ__J 

IjjjIj -JJ j__a SjJjJJ i Jjlj-aiJ J-LaVl ^l_-j_l_-Vlj 3*L__JI j-a JLjjJ.1 __-ju Lva 
jcJjJI 4jJjj jJJLi 4_Lajil jl JlLJI (j_o 4rfjL__il -_iL«__L*JLI ^.Joljja __lj_ LjjL-jJ 
4jj__il JjjJI _ii- LjI . 4_l_L_L>.VI j 4jjL-_aVI L^L_jl _ri i„>,"i J-u__, _-9 

I UU^. ___j__i V (___JI _! D jl ,__>.jJj___JI ■*■ ■ — — Jl j—. i__l__JI (_>_ lj aLi 

1 ^l-»*H 4 iT ii-> (jj— J — 9j — _ i4jjjLJI JjjJI (j_a jjLJI I j-wjJj i^"i I 4j-aj_) 

_JI ^jjj U-a ._;j->.^l _iVL-_J £±*>. ^j 4j1iJIj 4_l-__JI _jVL_-_.I (_a 
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j_.ut .*__»_*_ 


JjjJJ LLj__j LiLIj jj-i j-l-oU i L7 _aj_ill LajL-oIsI ___ jL^jl ^ii ■ 

4jla±__j Ijukj . -jjjLJI Ij-wjjji^lll — jj___> e-[ll _jj_J-J Sjii .1 ia OlJ j (_-— 11 

__1J iaLis^/Li ,4_L>.jJ ji'y"l l ij-»-iill jj — ui jjj jjj-»J _-!J uJJjJ i_3j__i JL>JI 
. <x-LJI Jj-JI _h£l-jj 4jitll JjjJI (jiJ 4-icl «i"i-vVI o j tt a 1 1 Jjj n t~i 

-jGSN I jLA 

. >L__9 j __c SjujI ,__-- _£j--«-i "-j'^' i>» -J---JI ' j-* <-»-tjj 

J l^lllll j»Jl2jJ IjjLill l_L>. ^Jj___Jj j-i_J Ij i iij fl lVL>.J_- JjVI L_)LJI J_L-jj 

,Lj_l____ l.u ^.-. .... .K-^iytr-tl ,<tl-.t \l„l .1, L>L__ L__>j_c -_La Jj Vl 

__)_JI J_____II j-_J 5j I 1 '••> .-Al-.^-ll __iVL_fcil _, « 4_-j__il I £L__iJ__jj 

4jj_u1 _JI ^-jiaJI Jj--)J _>CJ 1 L _JJ 4_l_u_JL jt jil 4_i__j_>l __c 3j__m4_4 4_l_L>> 
^i. ,i_J_J| J_____JI Lal . L$__-lj_*-j SjLU __C j-oij (__!! _$jJI 
oL_-> Jujj-j __3 Sj-u-i 4_l___.| (_y9 _^l_uj_>Jlj SjjJI 3 l*i n l I <uc Jj, \-r~t 

__U_ (___- jjjt" _, II (_$jJj L^j ____->L_JI (jl ci j£>j) i__l j_ijJ,lj j -_jL__JI 

(j-»ljt" miL < jjIjJI Jmiill 4_jL$j ^JJ JjVl -jLJI J___j (-_ <_-iliimll 
.u_ijjJ__j i__j_ij i4jj0jjjl LjLl>. __9 l^ja lV"iiu') (___JI jlj)_aJJ J-aLi 
j-ic _>JJ --JjJI 4_l»L-> J>"- «JJ — *-« JJ-*. i_£ j-" 'lt- 1 ^" ^LJ' _ Ti ii J j 

i4jjjl_JI jl jj.1 _____ j Sjj _£ jJI (_>_w.L>JI J i^iilL 1 4_ll>. jJ j_£j j i j jLJI 

I juk JjJ" jLLsl _, — -J . L&> «" _-_JI 3j — JJ---JI (j-alj-iJlj I — fljli iji i .V) j 

—jljiii"ill i^L__jyij Jji^in'll (j_a j j"i^ ) i(j_/jl l_JI J iriiill (_p3j_t_) ii__>l_J! 

L_jljin"ill I l-sjI (j-3JJ«J U_> iSjjjLJI jl j U _-"L_jJ (_, 3t nl,l -___fl___*JLl 

.-_ijjl-JI ujljjsj (jjjjl-JI 4j_»_fti __JJ Ij-t-jj . jljll -tii- oljLji-L -_i_oL>JI 
_J Cnnin - JL___ !4_L».jJj__0 jjLJI 1 __LSliJ___II ___. lijjjLJI <L_jjjL? Jla 
jl ji -JiLalj JT jL*j _j-al-JI Jir-inll (j-oj-_jj . 4L&L1 •_|L-JI Jjl___JI 4_-.L__« 
. 4j_»- jjj i^" 1 1 I fl" j 0 » I j l_f>--_jl Jjj-la Lse_u3j_o i4£.j_LL« 4jjjL 

^.-..j 4___aLL-j ^jjJ ._jl__CJI _v_ .j-i--Vl .-_JliJI ...LJI 0 ^ LL j_.j 
iSjLitjj oVLw (__a _dJjj i jjLJI L_».jJj-&j __L_ 3_ilJ.I ^_,_,U-,tl ^ 

Jj____JI) «.IjL-Jlj -ucljjJI j i(-____L_JI J_-___JI) 4_t-t_<__JI 4jLc jJIj 11 UIK 
Jb-jaj .(j nir _;jL>JI J_-___JI) L^j Ljii _; J_____J Ij 5_LlJI 4jI a-_ji(j_-_L-JI 
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***** 

5}^>.ij _jL__L__>JI 4cL__j '(j-"-*- (__j_JI Ji^-»ii1l) __Ljjj__JVI 4cL__ 

J ■ ■ J tj . »'aj 4jIjjI _jl__JI p" jcjj . (j l_C <_J_JI J ___JI) jl « -V. . ..VI 

i jjLJI Uj.jJj.Ci1 _;_L____.VIj _^U_>.VI jl_JI ^jlSj _-jJI . j .«r jjI jJI 
(jru 4__iL_JI 4__j__JI 4___HI L_>j «"i i M « ijoJLJI ___. 4jcU_»-VI L_jI_Tj 

lj-_ (^S L$J 4jW.1Ij4j.JJI 4_a _JVIj . L>.jJj.i-L"JI oj^J 4-r'i'tl Jj-JI 

»_^J (__u-.Ula.Vlj |_gjl ir>"qVI _j_j tl . J__s_JI I ju» (ji^Lj L_- .Jl sell 

ijljdjJI ^ SjSjuJ.1 L^Lj>____ _►_■ SjU"n.iVI 4j_jSj 4jsjl5jJ.I L>-jJj___JI 

(JJJi^J UjLuaj-Li _>_>jj)_)I J a.1 (jjs i_;j_-Vl 4j_L!I JjjJIj 4 JJjjJI 

i^jjj^jIj^jlsij.1 ju__ji jjj _-jS ___«_nj 4jvjLoJI 4j».jJjjSLji "__*_ji 

O-.^I^JLJI JjjJ(__JI_-JI___!jil .__Jj_:_u__JI-^jjj.(___aLJI 

4j-rj">lj___VI i_jljj^l _>_> 3j__lj L_jl i"ir I i -i aej i rtjSj .jjLJI L>.jJjjSLi 

4j_jL>JI 4j_jJ__J I j 4j_s_JI -ljLJI jj_« jjjSJI 4jj__ (j_> i_"j_— J l_i__JIj 
(j^!>_JI jl __«,____ .jjLJI L»jJj___i JL_*_-_ r _ ( j^__JULl_JI_ > * 

J__3 .-jLjSJI I ju_ Selj-i (jjo 2j_*.j_.l ~> JljLoJI fija«"> Ja-t (j-aj . 4j__>UI I «Lc 

■ (j <~i i V" 1 1 "Tjt-- (jj> i -ji-JLI _"jL_JI i . , „1 i"n ■ ■ U ■ ■■ j_a JjJjj. __ijl__L> j-J_— > 
4jl «", i nVI JM_- _►_> L>-jJj___JI i>j__ __L__L_I ljIjSJI -l__>jj _J (_cjj US 

^«j j_jj .(___sjJJI I j_t (»J-t j ___II 4j__j__>j1JI |»j _ijJlj J__ _._'l (jj> jj!_j 

.l_>I_SJI 4jL$j -_-<-«-J 4_sl_>JI .j_____a (_*__» 

(j_« JSJ (_$jjj_ijj _, "i l na l (ftJ-_CJ _Sj_- — ji Jjj-> (j_- -Jj — cl (jl _jlj 

4___L_II 3jli_JI jjjl_1IIj j_L_JL> _>__>. Ij .i_jL__II I j__ jLJI ^-Lc _,'<--■ ,1, 

.__jj_JI 4jl_L>- l___JI 4jKi j___Vl - (__j_>j_JI -JjjJ* SjjlSjJI ■■ VI 

ju_JI _Uj_j .4j_JjJI _jL_jSU __jjSJI jl^JL r L_JI jjjlJJ JjVl jl,V,,„tt 

(jljl ,"i", i ,il,l .(___!____» j _ _ U I JjC jjjSjJI >j i Jlj .(j_j_lj JajrtT « jjjSjJI 

U^«i r ,1,-,t .4jjJ_JI _jL_*j>U c_-jjSJI j 4_J. (.L-jJI j_jj_JJ _ .j 5 .! 

SjLLj ^-j^Laj ^ja-y. __!l tLjjJlj jSL_JI _>_JL>.J ._J 3j o" _JI UgjjjL___J 
_>C__LJI ^-j^Uj __*>■ jS! _J (jl Jjl __Jj_I ■<_-.) "T,U j«_a_JI Sjjlj .4_xJI 

-■L__ SjjjSjJI (_g__ j_^_JL> _>__>• I j i4jjj>JI L>jJj_S_JI SjjI ju (j_L_L_Jlj 

. 3j__JI 4j_JjJI U;j"il »__LLa .Ijrtaj («ijlnt 1 .^ljL J u >_e j ) jjjSjJIj ._uijj,l 
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»__l1L»»l»__i 


p_bl__ (jjs JSJ _,L_j_J!j jiv _JI _jL5 p tnr ? 4jsljj 4j_>j_ ^jjjj—j Vj 

_,' « " I — ■ *}_>.VI -I aUII 3jLjL_Vl ^jj» h—jLjSLII <__!jjs 3j_c-j J__. «J in (__a 
.(jLLJL jSjj_j]_ 4__aL>.j ,3jjfcL_Jlj j_t>jVI 
Prof. Dr. _5jjj ... 0 ->;_,< jj-.< i il jl, ,„_l j-jJL _)<-» >-i ji jjij 
. _n_4jj_JI ajjli ,___ i'" _;jJI nr.jmll «Jil jJI pJUJI .Kenji Suzuki 

. (jLLJL j_jjfcj_> 4__aL>_j jljj.1 _jj_tj Jl^jJL 4j_.L_ __>— JjuJL _j_j__ p_ 
. _jL*_~ .4j_a (jJL L__a , L_jL>. , L__>lj_a ^aJlaJI _ij_j i__j_ 4ia C ol«"i JL_) 

<» ~~ __s VI __*__> Vj 4___ VI i^jjjj V .<i i^.^V"dj 4 Ijj-b_ 

i£Jl_J i LcjjljI jjjajjj jj_?jjl M" ■ ..VI j miII pJLalt jjJlSjj j___ 4j_»_j 

ijjLjJI Lijw jJ jJSo j p i<- _►_ _,5 4jj» ___j_. _;jJI i4jIL«JI j_l jjjJI ju_>L- 

__>-L JSJ SjJlDIj -j>j_Jjl i__j__J.I <__<_J_I 4_-Lj_ _,_ OjIjj 

l_jjS_I Jl^ju» (__J 1 ijl l_~Vlj j£ _JI CjLT _>_JL>iJ ^JL—ji (ji (_] (__flj 

■ >Jj«U 3j_jiV (<ul j «_L5c i_jj (_Cj (jjo <LaJ_u La J_ _,__ i4jaUII — J_— j}LI 

3 ^ jl I .lg«U 3jj _uJ <__ol jjs _L>-5 _y~ i_r— ~L_!lj _r__>-LJI (j a i4jjj_sJI 

.4_jj_Jj <__JI _J_. pjLUI __JojJI _L___VI jjjj-j (_j __i! <Lj>IjJI 

(_$_a Onlil (jjjJI - (_jLufj (__->-3j n_jlj (__ai - 3jjx__JI ,-Jj__i Lai 

j_v _JI J_ __La («i^i- .(— #J) jt ) _,jLl>. i ' i 3. 1 «" «1 i4_ya___lllj i_i — >JI __)L_ a 

. j__jL_>. jl j_j_a Jljl_ _^Jul___aj j____L p»gj_>_ _,— — i4j___Ij 
6 | j__I | «1 o aj 1 Ijrta l_!__JI I jufc _(j_j jl __>-« j_. 4JJI j_.J? ,Ij — x>.ij 

.4_vflllj 3j-L< u . U «4_j_JLI pJLc» t___ 4li,iliii J)L_i_ (jjs iJj_>L_VI 

... j__JLI 4jJlj 

^jl j__5__y I — —Jjj- i l a ^ a . - . I 
Coji-I 

2010jjUj 
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-_uji _j_« iijSLa 3 j_iim -_*]_■ .Nano >>L 

-jj-l ___- __£> («JLlII > rti _, Jylj. .<--jj-_ 

LjL_- *L u ___ ___>j _j1 <jl Jhj «jj_-\!l 

--_! JtSj .(jj—SJI lj_- S—jIju j__> 4_jjj__>jJI 
-^jly.C-.ll ,-■ ) ^ . .U-.T Ijj 5 ____,LJI .-.la l A-.O JI 

i__L_, ._Jj_-l Jju 4J__j ij»__y JjtJ Ljj l_j fl-o 

\-iJ-U3 ^Lj-d <"<ll*t (jl Jju . I _p __, '< t"i i 4j,r I 

JL_- i___l_ <___ Jj-*-o jl JLiJI i_jjij__- _j^a 
_________ ______£« |-}-__] -Jj--J .cLl_JI 

.^IJLiJl^LLjj 

SjpLJb *yna\\ U 

<__UI _,_ 4jj_tLa 2 jjL ___. jjLII <L_- 

. «Nanos l_j_J» ________) d <i i liill 4jjLj_JI 

jLLo _j_s Uj_>. __>jl_JI ______ j-al-ll JL=_- (___j 
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»_UtL»».,_«. 

_ysjJI _>-L_J Sj_>.j .Nanosecond) -_ijl_ jjU iMiuit .(jjjL- »— iJT (j-a Uj-»-) 

.«Sjls-IjJI __ij__!l __a jl jla __Lc Ijl_-Ij>> _____ (Nano Sec - iin'! j i'niVij 

^JJ __i___j_l -JijjjJL iNanometer j_LajjL_JI j_ iVm„j .J-JtLj 
j^l ___>_, VJjj_iv t __JI Ijl> 3^.^11 *L___Vl Jlj_i_>_l^SjL_-j_;,nm 
jLL__>i jLulj^ jjit'11 3j_>.jJI . j__> ^ jl— i ,__ij .(__ijj_JVI (_jj_C mjjj<jU) 

Jia 4jj_t-U -jLu _>Jlj LjLjJI j __iL!-j_Uj jljJLI __]L_jj_».j __>Ij j (jji^jl-Laj 

(jLjLs) (jjf_-> _Ji _t_a uSjjl—jj _l_-IjJI j_ij)j_lj . _iL_ jjj>_j_! I j Lj_i_jJI 

(j_a *j-»- jLLa ___£ _g j) 1t_ JL»-ljJI >lU oP 3 ' J_-l J .,'•" ' .' J)' ' J-U i>» 0-^?" 
jjSLa (____• Jj__ <_>-L_> (Jj)L__i JL_-ljJI j-LajjLJI jp. i-Jjlrtgllj.^ j 'lajjLJI 
-___>lj__a i-.h^j L$j! LLLiej La IjJ ^ 3 ' j^.jjJu^JI jLc. _ljj (j_a 5jj 13 j — a 

.(1 - 1) J_L_JI (_-_i _£_-a j__ l_»_^ i(j^t ill jlj-tj Ijji^t i 

i^i__h^fii_fr^^^rfc^ffcimigi 

~" Trim 

LJlji ___ _j- 1 3 J-a LjjSJ» I !___• _-— __u _ W»jt-»^.'i («__<j : ( 1 - 1 ) JSL-jJI 

jl^-Kj i I _«ir-j _>_>j_l ,j_w«$j\j 0.75 I tf i » ->__-- 1 I jj_ _-tl_JI 'J-* 1 

3jjl_>_HI _jlj_i_II ____ jL___i __ijjL__« £jn-*A Jl__ ,J? intl ^_3 _»j_» >-> La-jj .____jJI 

(4) 

!__>._ ij__«>--> jJjj 

3j jt mll iiLl_.VI Jlj— I jLul _v-Li_i ^.3 4-aJ V"iiuU j__ajjL_!l 3_L>.j jLuJj 

j j • *" 1 1 (j^ a > (___JI £__ t_iVI (jj_jjL__aj ^_L___-I j-___- _---Lj _£J_a L_lljjjj 1 lj_>» 

ajU', ,U1V pjj<ll>jl^ll j<- 'Iji j /■ J«t i-_jll /.'i a^I „U L^Lc 

i L^-aLjC-5-ij L-jL-ji (jjL-J (_7--lj ' L_! -__Jj_«J,l frL__iVl (___->J JJM— > (_-!— 
j__5 _>-L_> Ujjl La IjJ .JLUI J^-_- _-Lt_) (2 - 1) J_C__JI ___ -___>j-a j__ 

I j__a jj ^ j a 120j 60 (jrtJ --jlj_ij --jl I -r i i ii"°> njL_uVI j-»-_- (j_a 3ji_-lj 5jji _i 

(jj_La jja Lj-v (_;jL__JJ i5jjt i^ill s L_iVl Jj-al (j-il-L_J 5JLS-J j_k ijJ_ajj__oll) 
,(^__ajjL 1000 _;jl i.ij JLs-ljJI j-Lajj^CjU jl i«j Ijjkj ! Jls-IjJI jjUI (j_a e-j-»- 
j-Lj La_Lu l-U. . j_-ajjU 1 20000 _JJ 60000 JjLu (jjil jJI 5jjui jJoi) _j ^l 
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jl s Aj| i ,aa-__JI ***.__! 

J-Uj U _;? jj^jjSU-a 2.5 j tm jl __}U Jj__>J1 _J j_> (j-a Sj£ jia_ 

jj* j j_va jj-Ujs 1 j__j IjjJjSJI ljj_ij_-> JljUl _>_Lj_La >Ujj LoJjj , jj-ajjlj 2500 
.jLajjU 1000 JjUj U 

j__JljjjJUl 

ljj_ 4jlj-i___ jjUJI L^jJj___ SjjjjjUajl J--^ ,4__>.}UL jJ_->JI __a 
jljjl jji if-T) ^LlojS^jJj: 4jjjjj_J.yij 4jjj^SJI _jL_.L__JI ^U__>l i nn'il njj_JI 

,j_xjj__iil uJjj __a ,__ll oUL__JI «j__ oU.j_*_aj l_iI_*1__ (__ 4^J__j — _JLI 

3j$-»-i ^UiV 4jjjjj£jyi 3j$>._'l -jLjSLo jjt uaj 4jx__i Ij SjJl _>1 Jju -IJjj 

_, ',i~,j («JUJI CiL ,(_ > (j_oj . Ijj — ui (j__-jij ,3cL_Sj 3_j_». e-Uij ' -_ "*" - j i m\ 

__ill *____! I __L_J S .I __« jjff «t^oj-Kj-, ,„1 jl ■-■U,~ ... I ,jjj| j^jjSUIL, 
4_u_jJI __l — uKJI ,l_jj_ — i_jj_Lil Jl» :_ri->JI UUj J__i_ _j_>-j L$J ___ SLi («J 
4j'i"'iII oL*IU,r->l,l(j-«L_Jjj^j._,j-jjSL_I1 ,l_vjjj_>__J.I .Microorganisms 

l___iIj_>JI __L_.L__ f»JL_ _)_yi J_Sj lj_k . j_jsjj_LJ,l 3j_-jj 4__jjjil Jjj^ _JI 

jj-sjjij £_ij__ii _i -_aj__j,i -Uijpsjyi «j^.i __« l_jj_.j -jl__ji ___L$jij 

(jl__aVI _-_■ _)j_J_Jj < U-jJlS _____ I (__JI C_L__j J_) <jj_jsjj_LjII 4__ujj__JVI 

VI 3_j_L.jJI ,->ljj- ■ ■ j iljjjl __L___i (____ l£_£- > — |t-| j"** ' Uj__ jjSCi — -j!j_- ~L _ I 

JuSj . jjjOJj_LJLI (j_a _riji J-_ U __JI __ljj___jjlj_lJ «LoJjII _jUj_J,l __j-iu_> I jl 
jjj£ ___. U__ __ll jjUJI _;j___1, _jljjj__jjljjjl _jLj__« jji u-i (j-a (j_L»jJI _;_1 

.ujUUjJIj __Uj1_JLI (jjj__i (_-- L^jljj-i S_L)j ,1-, — mj!j_»JI ĕ*L__j 4__j — u, __a 
jj. 1 ! jJjl dJ _>_> U_> iL4jU__U JjjJlj L^U__-i jjj>-__j __JI U_ol _Uj _j_lj 

.^jjJI tfljj _;jjl j_e_JI (____ L-jl , m",'iI __3 

Ljjjj L__t_- J_i ,-iTjir,jj <Jl__JI ___jlj4JI 4_.L__> _jjji_j j_i_ J-lbj 
(__!! cjUjULIj _-L_jUJI J_j__j __j__l ____ l^jljj-» _jjlj___ ,3 t L_i'j___'ij 

-___>! jjjj .__i_>UI _jj-JI (j a Cjljijt lujJI 3jj_ __a 4ji£. __J_> U i__l t 

_;jj __a (__ll 4;Ujj__JVI L^jLijSLa _jj i in _)l -Uu (j 5 .! L_ 4_u_-_ _JJj 

JLa ,3jJ<ja 4jnjUj Ijljjl (_|JjJ (j^ L^L_I Lx_a ,4_,j__ ji_s"l ________ , jjLJI 

4_»JU-« .^jjjjj-J)!! JjL_,jJI JU_l_,lj JU_jl ,4jjj___JI 4____JI _JI Jj_-jJI 
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»_UtL*»ift--i 

_ jLiLuJI 4__ >JL_- ^__ Ij^l ^'«1 . .. tlj 4j^__uJ1 ■ t^M ...jtlj jj ■ 1 1 

__a Vj_»___ LJl L____ Ij^j.-iTi^U <J_I _,j_!lj jjj___I _->__j J _____'_ lj 

_jj_-_ (»___ JL__lj .Personal Digital Assistance. PDA Li__ie__ -_i__) j 
. l^L_ Global Positioning System , GPS ,J.__l -I.ljJ.1 


__,_..,__. 
>j>~ 2.5 


>.jJ- 10 jJij- 


H-6.2_!'j- 


OjA-ioj^-o.i 


(j_>ui000) 


(j_jj_100) 


(>._-. 10 ) «A"0. 


. (>j_-0.5)>.A« 0.0( 


♦•0.0001 J> 1 °-10 


2j___> __ __^j__,l e 


_*J iijL__ : (2 - 1)J___JI 
I i j_It ii_____a Jl^J-i _lljJ_^J 
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2Ujj|_l J.lj>_l 

Sj^_U SJLill ___ L^jL Nanomaterials 4jjj_l jI jil — l_>_ 1 ; ;< fl _> 

jl _jL*ji (JjijjLSjj ~-jlj— L^>-LjjJ (j_JJ ! 4ja.lS~il,l jljll _ a 

_J3 _nj-a j-* —»£ ij_>jjLj 100j jjjajjLj 1 _*_> 3 jl-»-l jJI Ljpl mi^ jIjuI 
_i_JI jljil_-_^_jjL_>j f b_J j___-_i j_">j.(3 - 1)J___I 

L__L-j| -Lijj _^JI (<_-_JI S^jjS "_■ j_j2jjl jl j ft U IjjLjus L_jJ _v ■ ' " ■ ■■* 

V j j <i" 1 1 Sj_iJ___ JL_i-j ___■ Ljjj jjjljjj _tj ij__sjjLj 100 _. 
_lj_a __ ___j_l _l jil J_j .4j >jl""ll jljil __9 "ttn"i-»jo J-s-jj _>! (j<oj 
_)L_ji __« (_^il (j-jJI« 4j.nl ...Vl 4jL_Jj (jjj unll j _;_L>JI _j-L_ ^LjjJI 

Lia-jJ j j<~. 1 1 ijjLlII Lj>.jJj__) (jjj __*Jlj _;_L>JI (jj-SJI — I j>-jJ j i<"> 

^JlSjJ IjL__- j-uU_ ^l j (--.I ,^1 j CiL-jLdl L^.jJj_- .4__jjj_-JI 
. Ifl"nri(jil lj_ij_Jj jcaVl Sjl in-Kj 

l-Jjj r j i b II _-— - l__j— > ' J----JI I j jJ "uJLlll (J j ■ _ 1 1 _^ ~,t"j 

. «> V 1,1 "j_.t-~tl | ^njh jjj I (JjJsj ijljJLI 

i_ajA__>,Li i rtl-y" i~m~- i j i i^»t,l 4u_-L _-_ "ljjjLJI jljJLl £jjj_j 1 I j__ 

jl 4 jij jU _lj o jt 4jj irif jjC jl 4 jj i^-ir jl j_> (jj S_> (jli? i L^j __i 

j__-L_JI (JiLo 4_)jj_il 4j l_Jl_£JI _l jJ.1 ^l jjl _JQ->- JL-JJ I j_fc . 4 _J__5 

__:>___jil .1 , ,7,1 .Metal and Metal Alloys LjSLjL ...j -_jjl_JI 

<Oxides and Minerals __l «Ilj _u _l_Vl j ^Semiconductors 

jA-.ri^yjJI 4_JjVl jIj_JLI SJj—u j_ Polymers olj *jJjJI <*l Ijl$j 

-4jjjl_JI Sj__£>.Vlj jljil ~r_lj jj.^i-jj (__ jj_l La-jJj___ I djlr 
Jlju - L-jLt-il Jjvi _^i_j|_9 _jlf> La Ijl «4jjj_l» 4__JI SjLil -t Iajj 

.>»jjLj 100 _jjj L» - J_Vl _,_ jl-Jj 

4jM joj^ jl 4 jts-jjjjj 4jJ_I __iLS » Ij . n i4__t_VI -. j«i->- j_j_j 

J_UJ Ju . jljil j»l — so-ij jljui (_y_ ijJ_ (——I — ljjji'ILj 4_jjLj)j_ ji 

__a 4jjj_l jlj — II oj_ 4SLJ — _ (jjJI J__l (jojjjjl jj«m"ll I j A 

j^-lj* (jU JLill J^ (_J__ .4___UI 4j*jJjjJIj 4jjlj fl j<ll _>_L_JI 

j.1 _>-i _;i j jl_j 4nl<l,l Blood-Brain Barrier ^-_ J_l jJI jJI 
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Sj^-Lc i_i_j_ .ii^jjl 3jjJ_JI J>L-_ _jjs jJLI __Jj Jj_a_ jl _j_- ^—u^C. 
^LL-j (jl (j_9 (»i-jJI (_--£. ■ jJLI <_-JI J---J _)l _)-« 4jjjLUI jljll L-)l oj"'-». -_L- 

Jj__j j^l Lj — __j -j-uS-II j»l — _u_>.Vl j-« - t L___j J-_JLJ I j--> jjJLl jt j «-l 

^J. -^j-LL-JI -jj-. _jj» _U_i- lJ JL_-3 I jJ iC^lj^AjjS^Ui SJlC jjJI I ^oLst^-l 

Jji^ijj 1 3 'flj jJLI !] 3j i_jl_y> J___J 4jjIjj —jLa-i "^>-J j_i£____ (jjl-*-") 

. I fl j ■> ->■ j 1 LgjJo I j_i_- 1 («jj jjl jjjj (jjs 4 — j uJjjs-I ' t-i 1 7» ' ^JIji jl "^jJI tljJ II 

£jLsej (jV lfll*.l _-_ 4jjjL_II jIjJJ aJJt j» !_*_-.! _>_!___. <jl Jj-Lll ^jU" m'i (jjl 

-J--_$JI __JI Jj___ L^I^Li. (jjj Jl_-__i (jlj < jcJLI ^l J__>ljJI ,»jJI j^-lj^ 

. Ij_i_jLjj3 >LaL_j <*_«__ JjaL*jjj 



ril-i nil_^J S-^-ji-L- -jj ii-> J-_-_JI c£—4J (__, Ir _---JI 3jj intl £____JJ : [3 - 1 ) J^ miTI 

High-Resolution Transmission i___di ^J^SJ^tt __-_l_ji wjjS, ,„^A\ 
i__>>L> -jl _j,-_ j-cj^ii j_« -_ii^_ ^ •■_■-» Electron Microscope .HRTEM 
Lttj j 1 n -» . "> (»j ^r^Ni^jAlj^ j»j>jj_«^ji - jSLjj - ^^jjj^SjjJi __u_j_j jj> ij^ia <Kj 1 i nT 

jL_jI Ji JSL_jJL J__>- iljj. 2003 !-l_UI^4Uf ^j^jt-a-jL-SJI ^tj-^U ...ij. 
__J_: _^JI 5j__n__JI £__a_pji .^il__M-»_jjLj 3 j__)l_»__jV (fcj_jSfLi L^jJI jL___tl >-iLi ^ .i_-JI jUaai 
.(5) __L.4jj.Jl ^tiij J_» a ij _,-».T _ r _i.l_dl (/_)jJI _^jJj_JI_5 _}L_j¥I JJua _)L_jJI 

jljJLI i"il oii __> -l-j 1 1 11 1.1 j-ji- (_>_= lj_>_! 1 3 i__iL_____JI __L_j (jl (___a 1 'I mi "_l 
L-^______j. |„ ,„Lfl i-i- jir)la .Sju jl>JI jIjJLI ^j-a 4_»_j C .>L_^.'_ , 4j___iL_JI 

Jjljl j-La La^jj-j p k»l «" i"ij->- .2^1",-» 1,1 ,-.1 .U-,llj -_jLc.Ll___ll u 3 
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JLj_l» -_*_*J1 »i__l 

jjLJI Ll>.jJj_j ^ i nl Igjlr _jl— t 4^jJj_j 3jj j JjjijJ _)j— '1 I— — » 

Jla ._VL_J.I < ^i^» _,_> 4jjj_l j1j_U __jjj . Nanotechnology 

0 r>T lill j J1 JL_ .4j_.Utl j___L_JI j 4jjjVI 4_L__>j 1 iUII JL*_a 

4-JLJI __jlil 4_JL__aj 4.J ill ___. Jal n-sJt JL*-« ___! _Jj_j lu JaJI 

Sj^-wl __j_o 4__L__> __ii J.-- J~J 4jjjL1I jljll ( njUjJ Jl1*jj . L^JIjlj 

Ijla .ilLajJI Sensors _l ,J ,„-.JIj L_jLJjj-_JVI .4JV1 _-Ii ml>.lt 

-jL—JI _I-I_Uj 4 —L—Ll _ljjV1 4_L_> ^ L^J ja-J __JI 4_>L_>yU 

Jia.1 3jJ_a_llj 3_ljJ_>JI __J1 JL_a J-*jj . Jj lu J_> ___, 4^j_«J1j 

^ 4j»:llIi jijii __l_ jU_vi _^__j o^a. .3.^-, ,„u _ , _ , l_li 

.Fuel Cells jjjsjJI -UjLLjj Solar Cells am. <ll UI U}UJI ^ •„,--, 

(>a Vjl-Uj Lc jj ij jJ_? t _ , l _,L_j'VI (>» «La.jjj___j» l__J _--__! 

tiMjil u-Uj 4jL_ -. jo— ■> (jTjUJI £jl _ll Ja-j J jjj 

Jjji) 4jjl_1 4 jLUIt l_ij ojl 4jL^j j_a _Jjj .4___L_J -__L_-a. 

. I J_ LLa jj ___a. j jjjj i_ijj I _)j--J I > _j___LLa 4j I _U (j_a 4 Ijl*, lLj I ji — 1_> 

JlLc 1jL_o -r i i ^ I 4jL_ .4 — _J_>L___aj il 4-l~}_> (j_a («— ■>!' _, — Lcj 

4j_La _J_ lj_i_<j>aj i Lgj jfl j JjjJI (-J-— i_JJ-a 4j _) njrtjl £jl -Jl _L-J 

4_l l-Ll-j (<JL_I ___) JJJ»VI l_jL__jj_»_- ___c 1 ^"iojAj l _>jL__)l 

-____JI lj__> — __l _-__> .(_ _ysj iL^jjLolj UaJ L—J. L_L_j Lgjujlsuj 
_.U>-VI 

l>* Cr 3 l---U*J _?j— _>J <_-jL_a _)U--VI _y- j-LiS" ___3 
.4J jl^1___jU¥l«-_lJ 
(__LL>JI Jjl -L_ 4_ejjjj ii L_l> jj j__j » __» ail JJ__» l__jjjlj -jLc ___(j 

J5_- ,> VI L>.jjj___l l-^-jlj (cJLJI (jl _>__-JI _>_j --_ „h lill 
LlLLc L-Jig_ ___JI 4_jj_>JI L_iljnj,U'illj _}U_1 4j_jJI oljUjyi Liiii 
.Biotechnology 4jj-pJI Ua.jJj_-.il Jiu .4j__UI U_ _n__JI J>_. 

Lja.jJj__ .Genetic Engineering 4j_IjjJI _Ljj_.l 5 L.j_k Ua.jJj__ 

.Communication and Information Technology —LjJjJIj _VL__V1 
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»_UML_»-»_fc 

_jLjjj__J)?l _jL^jJj_S_j .Micro-technologies 4_Li_jJI _jL».jJj___!I 
.Nanotechnology jjLill L^jJj-S- I >j»-tj .Micro-electronics 4_u_jJI 

. 4_u__tl! __JL_s lj_fcj 

4£.^A%4 _, 1 <" Ja _±jJII L-l i« a i La- jjj i^C" 1 1 (jl _,l~ Li__jl Lo I _lj 

-i-L_i j J — -I Jj ' _ ^ J^ljJI — -I j__jJIj CjIjI gJ.1 

jl i Lo 4__ — __l ij j o~i aj Sjujjs (Jjl>- _— 'J) _L?" ' _>— * •*__— I _ j -r _i I 1 
__L_jJlj (_1__JI _l__l _>- 4 — __3 4_jJ__ _jb_i_o __-— Jj — _J»JI 

3jj_L__S L^wjJjj__JI (jl i__jjj_JI lj_fc (j_a LJ j» ■ '-■"_' — _ij i n' a i_)l i__J_t 

~ U , ,. ^J^. o_j_wj j_ua (jl __i)/l _J-_ JL_S i4jjJ__ jf SjljJL*. O l_jJ 

_jjjJ__ (jjJI >4jl<nll 4 -ljtJ_>- _L~_J 4jjL>_ (j^o j jjSJI i___jSLJI I j _ 

Jjl=- -Lstjy i<_jJj_«_JIj ^JjlII _, lr J . a"«" _jl_»-j__s _>j__J -U j > « i 
'.jiii"l 4JL_9 4jj1ju -jIjjI 4_L_ijjj ^jLoU oJljj — __i ___ __1_4J -JUj-S 

(j_> _,_L_LI _l jV~ (j-a (jl -_)/! (j___i (-Jj 4__L__VL Iju* .<*JU_.I 

Lgj 4_L!L— II i mIj i_JI (j^a lfl i -mIV~ j— i I *jjtj~-"j (Jt^J^I J-^ 3 '-"''»'"» 

4j)A_ _jI_jj — __o (_L_ Jj___»JI (j» 4___jj <L^jj_j_ (___ 4 L_|jJI jl 

J£ «_j — i_Lu 4_i__*_s jj--_ _-3 l^lj*v — __ («J ij w i>-II _)_>— (j— _■ i-U-J 
' . ' . ii i i I I C-j-i _jLolj__ — _,! (jja _JJ_ ^j_. __t|j ._J_- _4_. _jj i U" 

(____J 1 4-ysjJI JSI -JLI J <_jL___JI (__=. 1 _j_1__JI _va (jl <__)/l (jSLc- __- 

i_j_j_' ___c _c (___> 4J — u, _)jji- _>_ l_jj_Lj La jlj^ — a ,___ 4__^>-lj 

UjIj SjJJ-tJ >". ."jl U_lj J_- (__ L^jJjJS-JI 3j_L__ (jjl ._>_»jVl 
j. i_j_il ^j^iill (jji _h_j__JI _,__ I jukj ■ U^'a J_j_J| I jj'a JljJ_>J| 

(6) . . 

- v ' (jritjll JU_. 


jjLUl L». jJ >_Jj jjLJI |«ic 

i"'jt^'- _;jJI J_a^i___jjj j-l <i" _L 4il — 1_ L^jJjjSo ■ i%->« i j«J L«jj 
(jj_UI L__-jJj_j j-jj j__ (_ill Nanotechnology j_il_JI L__-jJj__j 4j 
__lJ,l (jjjL____'_ I cUj)/lj ^--jiull ^j.* — _JI --__Ulj '(jjj — __JI j (jj_L>JI 

. (7) 4ijj_Llj,_l_JI 
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4 _.Ij_j _,i~-j ij jJI ,<-j_I _JJj Nanoscience jjLJI (__u j ,,-.nij 

i4jjljj_j_JI ><LijLyu£LII LjJI n-> - j l^i—lja. (j-ij_jj jjLJI jlj-a > njn->jja 
. I^L»_-i j j » ■ _j _>_. iliiLill 2 U yj t 1 j__| jUtl *L_,|j j j_a -jCjMCjt 1 j 
j_Lajj_JI _;j" i ii a (_JI jl jjl ,j__jjl__aj ^L— -a-i j j« n-il _tl _|LmJ1 _►_. (_— — _J 
(_^_-.j(--jjt-j>__ilj4^lj4jnlr 3n.nl^ jjtjj .4jI j J->-<-_ L_Jl__>_jJ 

,-JI --J^J i^Iji^jSCJIj 4^L)j_i_JI oL)jJ_-Il -JjljJJ _jLj_-j l_M_ ____ 

Idi^lj-- <_______! 4jjjLJI jljil (9-ujLi __j__ _l jil _>-a 3jujl>. 4_a -■-jl 

_)j-_l Ijj- (__) 4j»Ju_il --o-jJjiCill _j1 3jj__JI .1U-,-. -_a _j j__il 

. ^ (jj i i ii a _>J— ■ JJ>3 j-*— 1 ^-"-^ ^ii^HJ 

J__— « i_ojjj>j 2_-_J (jl a i N J ■ ■ lj-al jj— J1 jolr i_ojjj_ jJjj I ai jjj 

,__ L^Jji-Jj L^j_ __J IjJaj _l!_j i4jj___> jj! _l lj_al J_j jjLill Lj->.jJj_— iJ 

a _L_ (_)} jJ_Jj O^LaJLI uju- _il '"'J^ »4_J_-_ll 5jnj iU'ill _jV_*il 
jjLill LlswjJjj-j (jl £) i4_aLcj .4-1 4__>_>J1 j __JI 44_>-j (j-a I j->.jJji<*Jt 

2 — mljjj (44_i (_L_ 4__L_JI 4_a___il Lls>-jJj_S_JI _i_ L^jLi L^_jj_j ,j____»j 
jjsljj j->a Lj£.IjjJj l jj^Llc. L»4_j _;j_-_1 4j _ U L___'1 j»jI_Jlj jjLill («— L- 

3_J_-ljJI \fiin (_a ^--'illj -jjjLill jljil _ijtV* ,__. 4j-»-jJj.ifC'i II 3jJ "J.1 

j - ■ - ■ L_ a ^LjJ 4jj£CII >j_Ljj_>Jlj cjljjjl i ij*jjj 5Kjit. __Lcl _j>—> ____ 

4 iil" VI I i— )l "mU"ll ___ i nt->jj Sjjjjij 5jjj»_a _jl-»i-"iia __L_ Jjj__>JI 

__lj___l ,__J>lj__a _, nlr jjej 4jj_Aj jjLill Ls>.jJj__j _j s___f I j^jj 

j-jjL-J "U j_JI -LJ.L ii jj_ll 4 jaUII _jljL>_yLj 4__-l _JI 4-_L_ -j_AJ 

(«Jj ,4ilj_Jlj (__JI ^j_I (jj) L_jj_.j 4jjU1Ij 4ji,i ti^llj 4jj_l__Vl j»J--l 
f>lj_--l J>_- (j-a VI ^jjJI 4aJ1 C-L-jLa j— Lp _)l jjLill Lj3.jjj._-Jj Ci 
Lj_j. jj j_S_J | _J — _ (j__u _)! L^jl Ji (j-a _)_i 2j-jj_) — jljiii") 3j_- j_v jjIj 

_j|jjj i__-}_J1j Molecular Structure 4-ujj_«JI 4jiJI ___ (-<-". II ^ 
.j-j4-JI ' j-*> Cy> L_>_-jlj - jIjJI (_-xJ_-ll _)— ijj—J L__j I.oja i^iij SjLLI 

J>j_|f ^jjj d ji!) J__l 4 >>^_ (_1_ j____J V jjLill Lj->-jJjj_J _jL_jjJ_J (jl 

>> jj_JI ) ^ j.a- v JU — — J L^L_jjJ_j .1" o~i Jj it_JoJI jl 4 —iji^JI jl j-j LsJI 

.(4 - 1 J_-_JI) -jlnjiU-illj 
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4jj lmJ jl Sljl -ij- - " J-iLjJI Lp-jJjj^j (jl jj i j i^ya i^, U-rj 

^j^o (_y^J^ LjjLi (j? *— ^ ,r> 'V ^ O-* iJ^J ) j J o"' o '?"''• iJ J ■ »*i *»■ H 

Lgjljl^ij L-»-jJj;'v"ill ^iJJj ijLc- <jl (_L^ ^jja Ljj^j ijji^ 1 I Ju*> 

^ 4^>L*aJI c-jlj iiJlj 5jLu>JI ■-■lj tll Ll Jjii-rj (jl LJ (jL£ I o 

•Lll^-^, ,„;! j^j(ji L^u^ L-joU^i-JLIj o?L—jVI j-JLs. Ljj 
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i-JaJI <_U 4__.}_J.I _.ljU_>?1 _1_ _j_*j <_U1J _j_j ,_ j_j_JI 

(jl LlJ IX <i a ,_j__) (_ U_ ,aj_j_a (___ i>j_--JJ i)J°J , „11 4-_-K~j eljjjlj 

_j_«__ 4_jj_jJ1 (jrtjlj OJI J>U j_«_i3 <j_ 4-ijIj.ij^II jljll _jlj_ £jl_j 

4lJ_JI Lj}UJI _Jj J__j __* f 1 j-_>JI f jJl CjIj- _-a UjjI j_ _JJj (___ 

-JLJI 4-1 U- ,„l ___ __o <_ <->UJI j J__l U! (-jlSj ^ t( - , n? J< ,__ 
4_.j_ai 4jjj_JI .Ijllj aj,,,», 5 ;.!! LjjUJI < _,__«_ _j_. 6jji _i 

__LjjL_j _j i , f-Tj 4-i , „ o 4_U_JI J_J jj JLs— a (__ _r^_»-JjJU£jl jLiJ 

LJ L£jy ,„(__.l Sj_IjJI -_j_wjJj___1 _.L_jJI ,'1 ij -jJ^jj-u^JI 

(jl LJ _K Jj* .-_J_s__J.lj -_UJ_>J1 4_L_J1 Jl 3t_a ,__3 j_LJI U>-jJj__. 

L&J <--!lj LL)Jyi _3j — _> _-u 4jja_~JI Sjji i^-ill 3j£_w Vl _1_ (-___ — _j 
v_)l j i^-ill (jjjJaJI _JjJ _J I u ' J~ j 4jL^Ij_-Ij LuK a -_,1 J-J— ~ — J 

4jj_^1jjJ _l_ J_ <3_jI jLj__JI j _* ,„ll _ -! jjLUI _> L_>Uj J^U. 

<— — lj — _J1j — >U _pa LoUj 4-JU 4 j_j 4jJ_. ^Ua >— >j ,", i (_uj _jl 

__. l-UaSoLJI "u_UI 4jjjUJI ______ jll f lj__ ,„l _jj Ljjj-UJIj 

4U,„ljj "ju__,_l _j__*I 4jjljaj<11 ^-ja _JI _j_ 4-ii_j_»JI uLJI 5 j" 

?4jjjLJI .IjJtl 


^jJk jj^S— _u 

<JjJU_JI (« Jl_ 4 T-J m (j 1— (_y___J 1 j 3jj _ ___ 4-i _J <l- 

Richard Feynman _l « LJa _jl _i_j jj^j^jjJI j-*g___J1 (^^Soj-a.l 

There's plenty of room at the 5_l _JI _,_ jjj_ -. , „~ a _]__ » (jL 

UI_Jl(^_l ijitjj_JI 43j__UI _lj_-. 4_-j.^ill *_____!_ .«bottom 

jj_ 3_jLi 4JjJ t l ^-3 *Ljj_i__ 4_j_Cjj_a _l 4jj__>JI 4__L_I J_>- ____ 

^LjjoiJI ( Uk 4__j_ jj_v_- J& 3 , (10 h959 j_l___ujj j^i^LJ 

J__*Ij 4J Ujj_- "_-L_.l -_J1__-VI _i_ jj __-J I i^iji^^- Ij3i (jjjJI 

3j_U Ui_ JL. _-UI (__l _-J_Ua f jl_ (__ -J^^l 2u_l jl.VI 4_JL__l 
.1965 (_UJ -Ljj-j-JI ^ Jjj. 
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La>L>. U_t_i \^,^"i __, Ur I (-.j-- 4jj-__>U_ja _____ jUn^ _>j A j_ij 

Jjjjio _j__ iji! j a i L^jl «i i .. ^ j U t"i J SjU _ji (jjolji- 4_Lil_LaJ _jc __J_J 

lj-oI «_»JI cHj _____ Jjj___-JI <jla ^hIjj _$ jJI J____JLj Lajljj ljjjjjj SjLc.1 
. 1 f.\<.* SjLnl Jjji 4J___>Vl __jjU u _j__ UU- 3 ^l-,~t l j 3j j^'t,l 

SlI'llCllll'0 4jjj J--Jj-i _--JI 5j liLJLI 4_>>l_JI (___!! I ju- 4jL«jJ ^»-jl 

_jj___i 4jjLl*j£' ^jjdIj-- (J_sl J_«JI «JL* L-_jl_> f.\ J _v 4 _£--> I J--J SjULI 

. I .^jl S^alA.^.tlj (jjlJ) Jjjs 4^L)_i_», (_j^lj_- jl .(^ljoj^ll Jol __i!Li 

.idlti U_bj_u_j «LijjJLIj 5 *N ^ 11 Jjj» SjLo (_j;V AjSLjjKjJLI __;-_Ij_»J1 _jLa 
I _■ ■*:■_■ Lajjjcj L^jljj jj^-j (jS"Latj SjUJJ 4j1>.IjJI 3ji Jl _____ L_U.j_> 
.Crystal Lattice 4jjjJlJI 

(_yjl C-jL-ul SjJJjS Cjljjjj _jjJ 3jjJ_.L>J,l L__J 4j _JJj__ll L-» (»£.jJI CT^J 

(-jIjjjJI _jjj 4j_e__i (_yjl ' *■ ■ ^" 3jjJ->. 4_l>.jJj__j SjjjJ _)l i u i-M j j ii"i L-ij-i 
iSj-- ijJ___UI Ljjj^jjJI 4jj_- ___ jU-j_i 4_JI jl__,i U (jU i4j£.L_l_JI 

£_il jJI ______ _(Jj__»_JI L--UJI 4jj_ (JJjijJ _, ol<* JLx>- Jj_>_ja 4jb 4_>-Lg_j> ( rtinj 

L-iljj cjjjjj>J _,! _>* Ij4"l La _-II OJI jji *UJ-JI Jl__j,I jjjj . (?) __-i«_JI 

Jj\j i J__ljJI jjjJjjLJI (jjj U j__JJ LfcjLLajjl JljJ_>l J*U___i _--!lj iSjl « _;! 

jjLujJI 4jULj3ljVl jUlj ,,,jjl jijlj-a.JU- (jjl IjJ-j L-U-J iXjVi .nalj-aj 

Manipulation L__j_. i____}l_Jlj -_ljjJI J_.L_ill I^U mljj ^jU" m'i ^1\ 

jlji _jljj j_« l^j-yaj j«j i(_ijj_-i io-sIjj» (__JJ 4jl tn Vl l_)t i^-iIjj» _jja L^SLij_wjJ 

4_J_t (j-al jjjl 3jjj__a jL_j Vl 4jjjlj jl jj (jjj 4jjj1j i_j__j _g (jjj__J _5jJ>-l 

Liilj 4j_>j_3L~_«j 4ji J-JjJJ _)-vJ («J 4 iii lii (jU_j-( jj i mj4jjjJI _ji («j_jlj . <il j _*l 
I j i n I __jJI _jj_> i^.tllj _fjL>JI _)j-_JI ojjj j j ~- <i" I (_jJjVl Sjlj __tl _ji_>i J-> 

i.iSI; 1974 (.UJI ___ Norio Taniguchi ,Mj-jj_i jjjjj __jLLJI («JUJI 
(__]j_l ^jj.n'!! Lj-^^jjSL-j' ijJJjj _-j__J Nanotechnology jjLUI U*-jJj___ 

.(<-j>VI ^J__i 4j _>_L_u jl jta^ j (jjj M i tl lj (jJjUJI (jj-UJ 

3j_ii_i 4jjj_ii L->t I j j ___>jj __9 Sj-UoUm L_l_j (jl (___» i-d iii 4j_j _>__Jj 

jj inj'^j_>jjl Jj^ J_u (__JI IjJaj i_Ujj 1 1 ijlr L^J (__a_ C 1 1 rtj-8 4j-Ui«J 

_jj_oj_u- (jUjLjjjjiJI (jUUJI (jS_«J J-3j .4_)jjjjJLI 4 j«ltl l 4jjI_Uj _jl o ij4 
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(jjL_>UJI .«Gerd Binning ^;; n L -jj Heinrich Rohrer» jj---jj 
IBM -_j _j jjUUJI j 1986^L^UL^I^J_ji3iS>5L f . w _l*. 

(^yjl (_U— l (j-« l98l ^-ij ^ | j___J^__J j>»JJjj £j_-J 4-«SjJJ0V| 

3jUI l__iIj jJ (_,"■-»- j II -___JI (jj— Jjla— J.I — i Ljl — uij^_J.I (jja Jyj->. gjj 
(ScanningTunnelingMicroscopy ___-LJI u ?a\\\ i_jj___jj_LLI j_.j 

JuJl-joj ajl «II 4j_.U Vl —iljjJI £_« j liLil _Lo __JI (j_o 4j L___4j '~ij-- 

U_i __jj tlj^lj __-j_j_JI 5 aj_)j Sjjj <Jjj-L> (j_ _Uij i-LujLJI I aoL-jl 

4_JL_ 4jjjj--_JI — 1 1 'i Sc i~i (jjjU") J}_>. (j_a -_jU"i _j __ij___jj_JLI I j__ 

I jlijir>JJ ^ljjl 5 ij.ll 4_l_>.jL>JI TrU. ,lVl (j—. Sjj_>.jil l—ljjJI jUmMMiI 
JL-LJ jLal£> JjJjJI J-ijj '(5 - 1 ,_J_ _-JI) Lgjljj __tJJjJJ Jf- _ JUJ_-UJ 

1986 ^UJl^-dj 

J_U_ -cjjl J_ J JJ--JI (__— I jL>jyi I j - (jl .L_ Jj_1 £-J_l — lj 

(j_S__i I (j_4 4j. l_llLo ^-_o jj 4_uj__u u I <"'j"- (jl « ij«, jj____j__ jj-J I 
jj iuj'qjj-JI (j_«j (jl Jjlj 4__L_- i jJL "TjJ- _5-3 «_-ljJI 4jLu_Ij_-I (__ 3 

-_jj Jjl j____.(j_- (12) 1981 f UJI (> «Eric Drexler jj -J_l» 

(^ibeJ _-$_». J — «-l jjLJI L_kjJjj__ _jl — njjt-M) (j_-J £j — (_J-o ^ 4 j~i~m 
. 4_L-_pUj-o _j|^j_i__ J-Jjl j o" inl J_>Ij_l« _. 1 m « j 
j_*__. (j£,1988 j»Ull (__3 ^jj MjjJI .(jU__i_. (_?j__j jl Jjl -Z--_. ,___.J 

ij_j_ L^j j-L_. ^,-JI Uc jj (j-o (__JjVl 3 jjiil -Lj_-__JI i ULc (j__j — _JI j_L_j 
Sjj-wjII -_u2jJI 5jjVI U-kj (j___ 1989 j-UJI <__j_ IBM -_j___j ^^i,..., 

J-oUJI «(jjjjjjl)i j Cjljj i lal "T.tV -_i.il (_, ĕU-JI l_jj_. l-iJj-l-lLL 

JjL -> U ■ ,. (____-. (_Jj_-Vl jJj _>J_»-lj UjjjjJ 3_.I_cV 4j aL-j-o 4__Jlj L^_VJj_>JJ 

_jjj U_lj__ i_ajjjtj Lj___j. -__j t-JI jU i_j U_« JS! ___J iJ_1_i_JI jiis (j_« 

^..Jl .SJljIjJI 4jj_5c_JI ajj* -Uo JjJj ..(6 - 1 J< inll) -JjjL UjUjIj 

JL3 i^j < _' JL_j (j_« 4JL Uc (jU-J-. JJ i iiJ^Jj-llJ _J_ jl j__cl 4jj^-lJ l_«U 

^j ; i ^i" (_y-_ «.JlJIj jjLJI U>-jJj___. j inr ,__Jj («JUJI Jji-jJ i_il Jl ( ~ i 

opjjj _JJjj j 5 — *" l j iCjlj_-jjL <n>ii U«L_t-_i jjl -r~"\ ")3 —jIjjIj 2j_£_>_i 
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SSOj jl». L^jIj-Kj li». JA i^jUII 1^jJj_5_ 

___ "LjjLJI _l jll V'miI _,! (<J_ L- I jl («jj-JI _>jL_Ji o " * ' 'j -~3 

Jb__ *!____>. l( j__ _JI _>_ ____« 3j__ __JI JJ>-jj ,-.1 ~.j ,U-,lt _>_>. __, 

_>__jjL__o jjl __JI lj I_j _JJjj i4jjLoj<II _j| J-jJ.1 i_kjj-ajJJ J J i i-l ■«■"i 

_,j__; ajjI oI_jS>D 4_j__ll Molecules ____4jj_>JI JS" _L__jIj 

3j^__. j__> _M oL__>L_>Jlj fr Lj\j_JI («JLc JjL j j-j 5 jjLJI _;jj __a __3 

4JL__ jj __1_~JI 4_>_«L jj (jjs *j_». Albert Einstein _>j____lJ __ j_Ji 

___L)j_>. _)Lj jj j' ■"*■*■! J-**J^ j»Lc 4_La (j— a l_ ij—b Ls JlLo flljj___ijjl 

j___JI _)JS J_~lj t_jj_>- jL_jl >— ll iii - _)JS _>__ M l ~ij - l S LLI __3 jiv l_JI 

_>-« («— jJI _y_- <— — ' _____> *_/! Ijuk . Jo-ljJI j_xjjLJI _?JJ— J V 4j| J :».JJ 

j_j_JI \q ,~„iit \ ___)t 4-JL-JI L____j_a __3 4jl j J__ ___ Ij-lLo Juu («J i4jj_v_bl 

__3j__JI («j _dJ __>j i3_L_JJ 4jj_ll oLjj_>JI jL_jI ___. __3j__JI («_ _i_4_- 
__1 nj i n-JI j Ljjm^ jll j i_jL_j^j_Jlj 4j_L_JIj "^jjIjj^II Lj— «J I J_" _-L— 

_>* J_il — iLjj _-« _-Jj (*-—»JI (_-s Ujjjj _;__« LoL_" L_-j_Ij .4_j_jJI 

_>___j 3jLj 5 — u-^i dj i__s_j_i _$j — II fuj__l _5jl — _Jlj .j___-ijjL 100 
Luj ■ U i njjl _)jj__JI ___ 31 ,u jl.l i^jjjjj. 1 ! _jl jJJL 3_j_>-jl,l _>__L__JI 
3_j_wjJ.I Stained Glass Window _,jJJLl ^LwjJI j_1jj j__L__ __a _)j_L 

jl UVi_) j_-JI L-.-ijJI j L_ _>~ 4jjjL l_-Ljj_- 4_l_ Ji-lj-J _$j llj iL$j 

5 ■ j ■ - JS jJ__3 Jj_> _3>__-l _,U .(__jj__- j__ L__j .(jiiulall 4 — _____■ 
jl i__: __JI 3j____J L__J IjjLijs LjJ _-l-_u <_■ -jJI jl_ -il mi. _j « 

(__ i,i. imi _;jJI .SjUI -Ja _J Light Scattering ,_jjj--JI jj ___JI 

-jjl_ LJ 3 j__L_JI L^jljJi _,l- I jJ . 4j__ Uljj ^ jJI ojU 3jUI .... ■■■<• 
L__j j___-''-Ij j--_--I __J! («j j-jlj^j^l __J| j-JL-jj-JI __JI j____Vl 

. L^Llu_w jIU*M Jj— j 
I jj_ _>£. "LU.)"! 9_) jl _--jj-_ll ji JjJjjJI I »_ I j-j- j - _ I I jlj 

(j-s («-^jJI (-Lcj 'I J (jj^jl -Jl *L»_JI 4j j-U. La _)l __3 _H»S_i Jlj uJI 

JoLljjI 4___-^Ls j! 4 ijt a 3j_tUaJ Jll_>j Jjj>— a _j_T s4_i_J_!l (« £j__l_jl 
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SLijiIjJU , U Va V LjLa j»JjJI Lal .^jji-^L I a j ■ * JS" j__?l jl jGj_*Ljo 

_L_fcj[j i LgJ «__L"JeJ.I ^j-olj i*JI ^-Lc SjUJJ 4jj_J.I oLjjjl>JI j «__-> _>JjL" 

LiLdjjl _LaJ Jj iJaijj <JjjjJI J_sLjjVI I jjjj «Lujtll olj-^__Jlj «_jIj-i — Lxii_JI 

jIjjs j^j__ajj ^Ljj Lc ~jJl"JI ^jJkJ »4_«_g_«j Sjujes. 4__>-j_a II JjLjjJL 

I ju* j£sj . 4jjjjIojJ I l_jVL_*J,I JfJ j^yji Ig.ijUjj ^jj 4_a J S* a 4jjjL "j J^-'j 

4j__»-!>UI (___• Ljnj.n ,jj jJI JS1 jVl LjULi __JI 4l____ j_».j_) ^l _ U '_M (___ 

.CjLiujJOjJI _w'~- t S (jy-jj 



(____JIljj>S__j2____J,I L_j jj^l^j^j^iyi^yi^j^^ j^j i^)»-^) : (5 - 1)J ? m i T I 

ajjtj.aAn>.ii ji>-aj Ljijj_ti ^ l^ij ji___.i ia'v-i ,„ij>j jj_-_ (j-jJIj STM ^__ui 
i^i^tLu^^^s-^jijarti-^ti jij^ioijj^^^gjj^^^ujaSj. i^-i.iis^jyi 

.( I3 ^ 11 ^ I^-KjOSjLc! ^\^i^>.^\ 0 ^S^ 3 ^ i ^ a i.\ 0 ^jiii L_9j 
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rTiTIBl 

jJa-, ^lci^^l JjmjJJI ju^uJ oljjj Li>£j> IBM iSj^l jLl! :(6 l)JSLill 

(14) 

/ ' JSLlLTI AjjJJa ijKjj^i 

ijjjSLU ■*■! -j ■— ^^'j J - * ij^ l< *-f^! ij' lW-*" U- 1 ] 

tj- ■ ■■—"■' Jj; ■ -j 4lj i ii j jjfc Jj i<jl j Jl>- 4jLc j}i LsJlA (JjjjJ SjLo 4jjjJ 

l£ JlJ l_i i ii"^ U ^ o^ll j\jjI"JI i /ijtA^" l i a ■ SjLaJJ 4 nl"-f U (_j-=>l j — a*JI 

I j^jl ■ ■■ ^JjC ij jj' L^jLlll>. j » ■ -~ ^yj Jjj (cJol «" ) l$ J-II J i4j_jjLlII jljj.1 lLUj 

• j j i i ■ a >jy=-J jj«"a J^-J l?>->-^' lJ-- 5 '^-*-" ^J0> j 
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aJjVt ^Uutt! ,^UI 

4juL"laj ^'ijU i rt 1 1 .jJjLSJI £-a > . inLijJ 

oL^jJjjSjJI IJj -^Vl 

4jLflL*Jlj Sj AU I gjl ajjjajj 3 - t ~,~ 1 1 

, L^J "lSj-jjJI Jjj^LjjJI ^ Jj ^.jJl (jjj 

___-jL~JJ a.j-ji ^ji jjiJU ^ ,jj£j j~j 4 jLa 

ULc L^ljO ,„1 ^bSJI I ju* 4jI jl, i^Js 

^jUlj 1 j J ^Vl_^4j t _|j^4jL^lj^J 

,jjL*JI (cic I ^jlr (j h ^jJI 4jjJ*JI 

UjJ ol^ IjJ .4jj^jJjj£L- UjJul ^Laj 
■^SJI ^jL-SU (jjjl r j_al <j! £1* 
Ju-tnll !j jj (j! ^ijjj <jl< I cjj ^jj II 

3j i«l ■ a jLjcjVI i—iLiSJI I juk (j^a JjVl 
I --_- jt j *0*.l 2 ,1^.1 1 .-. 1 ~i , ,U",t l , U ^ ^yj 

l"jj£ ,jj (jjjl SJI Ijjjjj^. Sjj »ja . jjljjl 

(> ,„«•. 4jJ1 ^JijJV U -r,> j£ 
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.jlUI lIjI r , j V- . ~> . ".(Y . nl 

j <■•- _ w sVi"j #> ji sjui 

JSt Jiis ji Ji a-i^iUJi 
.jii^LJIj «I J.H j-Sjij 

(jui j_Ju: 

..LujJ ^j,,,-»,! ^jUI 

_il_l*.l 


3_UI 4j_kU J~L_j j-__ _>_jIj_«_ l_L l_jL__JI (j_a «.j_»JI I ju_ j-I_ — -j ij\ 

(_ya JuJuJI ^Lj] _-ll Jl >JI Li-> __jj__j <--u-j ,£jjl_JI jj£. I — frajflrt«j 

Traditional 4jJlJ__JI *Ij__ Engineering Materials "j ... i-. d tl _|j_| 
_>_>l j_- jjjl>_ ___ LjjIj _ 4 nl'i U _>_s >*"Jlj Advanced "_»jl__II jJ _$__ 

.3_UI <_jU-l_j 

Jli. __JI jl i4JU_VI __JI j^l ____ _iju_? <J o_j? _,t _jtj 

Cr- ji^ 1 Cr^J-- --. 0' LT* cr^L^ "^j^ 'Jj J ' "' . I I £y> £jj 
JLLa ._ljil ^Lu_>j £__i} ___ 4_i — uiiiJI^ ^^icjjLlII J>LajJI _>->lj«" <iil 
_)t ___ |- |t V| JlS _)J_1 (jt _-_4ji . jjLJI j i^ir (_-->• J _Jj — «Jl J i r-nl l 
3_J_«_II JrJ jj Vl -_Lal ,lV"i i iil j _>_>l ji- _>_. 51ni.iin "lj-lL- l_L Jj _j__i £___■! 
tpjlritll jjLJI U>. jJjjSo «-Lj jL»_>.ij __LaL>. J_u _--II i -Ijll (j_a 

(«JLc _-__» (jwa 3j.j.«"tl "U — iiilintl «ju- tljjs _|Li _-j-4jl («x.jJI _, — L_ 
4j i_J-__i La J_j .Jj^-Li jt 3jj___j __Laj_tII l__j (C^jjJ j_slj_J 4_)jj_U 

,-jUI oLjj» __!J _1j « __* LilUj <___ JJ-i Vt fuj__1 _;jL_)l L_«jt 

4 t"i <i - _)J__i jl J^i — 4_uj__u I -j (jj-J l-_j_«/ Jj t4 iijo t II 4 j i nl i nVl 
- Djlki _J jJI _jL_JI (jjj Jj_1 ej->JI I JuA Jj-_-9 J!M-~ (j_a - 3j-i__»J 
__lj_ _--- 4-»j__!l 4_j^jJji__j jjLJI j-Lc — ■!___- — j j ; «"' 1 1 __ I jL>- (jl 

. LjjL1jj>.j 3_UI 

^ i r\ Vi ___JI 4jjLjjjJI (ji iljjijl 4jJbLa (j£, LiA Jl cuj (jt Lil 

Jucljiij pt^'- jljll udJj 4^3. j_uj Jjk ^LjjjJ 4jjjLlII jljll LJ 

Lj>jt ,»1 >(jjjjj jj^iull («JLJI Ljie u,j (jjJI 3jLJJ 3_i<j ■ „>LSLH 4_Cjj>JI 

tiL^lj u-L-L- 1<) ,,i,„i (jjJI 4jjjl>JI 4jjLjjjJI ^uukLiil c-LLa ^Ja jjju 

I jlj "Lajj j^lc 4jMjj (jjj .-..11 OjJJI «>• crl/^l 41 .,,11 ^LjJjl JjjS 

(jJI i_jjI (jjJI 4jjj_>JI tl jjj-JI _njlj_J ^i^V"i 4_jjjLJI jljll <_u iL_ 

t_jLj___Vl ijALa Jj_- jj_u L__ Jl j — _JL_ »_?>r^' «LjjjjLM Sjjj 3>U__I 
(ji (^-vJ-JI cy ^ 2L_^_>l_JI (j__ S^jJI ,i_ __JJ ___! 4jj_*jj>JI 
.ji^JiijJI ^LSJI I j_* 3,:lj_s Ja l-jj ...^.-.Vjl..-ll .•■* J u J -,.-. 

^ju»- (jJ» 4jl __JL>-JJ i(_v-l aiil 4_j_a jkJC (Jm-_>. 3jj____> __3 4 ___>! (jl 
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^_-.ai; J i__-,^|*li_ai1 :J*UI 

UJc Cj^L. (j^II ^yLjj^l u" -V' SjAly _>• «Juu _,l («^l _o--J' 

_wa f-\ «il.tl 4jJJ (___>_ La 4jJu _rt J ^usi (jlj . jjLill j t j ^" ■» ■ -1« 

.__J__-.tj JjL-jl 

3jU1 

j»lj_e__/l _H» _,. ; "', i V__j__. t L_La>- (_3 I j"ij\ _)J 1 a ja Ijj-J _>ljJ>l _J-SjJ 

<___i lt; I S - « (aj-jJI I — _L_. l_L1__J ^ 4___»J J_ _-a ._L__J.I 
_____,! L-aj^ uj^t Vt-UJj.j-.Tt->) r lj___J t >» J , l ^f ,_-» S_L» 
cLuj _.l __VI 4_L_u *IjjI __a I jjjIj j__Vl jjjJI 2u_.L__ (__ jljll _,i 

I <j a ) rt" I L__flj (JjjJI ^JLi—Jj i <ijii<Vi f_u _jl LujjC. (j_j ^aJ _ I jJ . 4jj ___v 
-2^|-~t' 4j3.jJj-_JIj 4^L__JI .-.IS : .U-.II. jIjJLI f I j__L_Ij --L-l t_3 

_>LJI _>*> _-__i_--JI __Lcj .i_-Lu_]| -J- L, .-t -l__L_JI jIjJLI 0 _-___l _-1cj 

5- j"tl l_J__JI — jL_j_LLa (jja I tj;' A Jl—IjJI Jj-J! — Jjjp _u t_-ll 4jjjI_JI 

JjjJlj 4-JL__Jt1 JjjJI __- fljjj_j _L_S .Ljjj t_ — jLalji-jii- 10 (j_a J_l 

. _jji_u LjIj__jL_> 750 (j— jj-il i imj 4jj_JI 

t__ ___=». jJj___JI j.j__JIj 4j_L___VI 3jq;"i1I __lj_ij- (jl (__ __wfj 

0_*__aj — jUw j_— a jj a __£>_£ --VI l— i « III lj-$j l>— jjjj V SJjj _;i 

^jii^ j-L-jJ t_a JjjJI (»JJjj _TJ-kJ >j-VI j»l_UI __a __pj_ Jj olj — U 
■ L-l r y,t,l in L-LUj- ,„ii a__j L*_l_ ajjjJl J___l_ -_l--r.il _J__ 

c_Laj__- SjL^- _;j-a _, — 1— |-j-J Jj • _l j- __a _,J_J V £__J_JL I j — Aj 

JojjJI _jl ,_Lij_ J_ul_jj 5j__Lus 4j_5_j iUU- 4_L».j _— — J (_-_ JjjJI 

tj— SJjjJI (j_La_J _j — j_*_j 4-icl ; ir-»tl — jL_I Untlj _, ol«tl (*•<•»• j>t _rt_ _ 1 
jK'nl j__ I JJj-^j-j Ldjl_jV 4jj__jVIj 4j_Ij_iVI L_Lj__9VI (__jJ_jj 
J j_uj jj-u t__c J__*J Sj j U~i a 4j — u, Jl__ — jij l ar.j 4jj Jls- C jL^jJj__j 

(__j_ 4_)jj_a __]) _)L__3LJ 4ltl 4jjfcj _jjj| ^-cljuyi jj_j_JI _L_ jjjj 

JjJL_ij L^— _Lj__ S_i — clj 3jLJJ 4j_-.IjJI 4;1_jJI ,___- 4'iojjjlt J 2-Juj 

jl L^jJJ t_Jj_wf j __l_c _ya CjIj- 4_Ll_J l^jj-o (j C. L_j__L— _ 4 jjjk 
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.4_ J _ 1 _ U U U VI SjUI JSLjj* J-i-lj aL^\1m (jjSL~ lij^ jIjj» cjljj *LnaSJ 

4jjj\. ^jJI ,^11 jjjjl JJJua 4JWJI l±1Jj j-La (jL_-j-j)M _ljjl Jl2_ I jJ 

(jLal jL*j1j LjJj_Ijj>. («jlijuj 3jl — II ^ilajus (jri — u>j ^ys Ji-juJI I j_> 

^ ' ^ jljll rai— j-jj _J1 jj— — 'I jL_ Jl9j .~j<~m«j 3juJL>. 4 jnjjl-i" 

__ _jl .jljll (j-a SjjJ^- l_>_L_ j>I jj» w II Materials Science 

(jL—jyi jjj^ 4j|jjJ <_-ljVI ".k-»UI ju_ LjJjI "j iU~i 4j_j i-iijLpj 

jj_ 4jj inill i-.t'^J ^yjJI ~jJ_L_ll 4Jj_ju l_ ■> nr-iLa i(j_»j VI ^ln i ii 

4jiJL_j. (_9 ■ ■■ 1 jjlj Lij i_l II (_iJj-jS_I 4jj_Li__JI L^jIjjj (jjj_>_ 

.<_.__J| ij_, 

(jjj A.H J^Li- _jjL_ ,__9 j_VI ^ hrl _>ljj_!l _1_J _.LS" j___j 

L->- jJ j i<~i 1 1 » L__ (j_J_j_a (j__>jjj j j ii"t (__ ""-J-— <-> lt^ ->j_j_>.VI 4_j ui 

jjWLj _jjjJj iljji-lj ■ <(l--'-I in"VI j l_I o j 1 « I, I L_>- jjj i<"i » joj <<4jj-L_>JI 

Sjjj» >J _~j i njl l ^jjLJI <___£. Sjjj ^Ur V aj j-r i i"i _►_. (jl — mjVI (ji__l 
4j_3 __fJ_ _:j — II _m_-' '-^ Wj-« — — '' ^JjLcl (__JI « j_iLjJI I — j3.jJjjSj 

_>L>.Ls_JI _l_j Cjljjill ->j_> J_s _>Vj .«jjLjJI I x>.jJjjSj (jj— j» i__l_ 

SjUI J_l__ (jl Lljjj- (jSo (__ . jljjl — il nj)U"i _>_ <-|"~ii~ J_ 4__Ij_1.I 
.1 nltll _^S_ij J — =• Ji — J (jl Jj- 4_ — mjHjjJI j-jSLoj _-- J-jS"VI j^J->-ll 

. IjjjJ __j,,,~,1,I ^jUI <__JI J__ L*jjS_ cjJJ jj <__J_-UI j 

i-.i-w .4jj __JI ajlin-sll «.Lu u£ JjVI u ninjjl JjjUI 5jUI Jl_»jj 

jSj3 jl jjjj 4jjjjl*jJIj 4 j"it iII c L»JjlJI gJ»lj-jJ («kitjjoVl 4j>-I uJ.1 Jjj>j 

4jjjuji jijii j.jLii-,1 (ji^i jji^ijjL^yi^ijL^-i .,,i(>(jL-jjjyi 

.(jJJ mhH j i_$jL»JI (jj-SJI ojl i>i-> . ^Lua 

(^J "jLijaj>JI ^i ir-> ^yjj 5jUI 4j ft Al (j; Jua .«Jj^u ^Jlj lu Uv4 Ul (j-UJ 

I (j i /i I jj- 4j3jj>j>j Lgjij^sj (jja JLi V Ijuk Ja-7 |jJ>J ■ I (j~M r\ (| ij («ja V 1 ^J-Sj 
l_i1 iij il-»~ill (j — jj LjpL>-j-=ejs (j— a ^ii" i i (jl <c 
(jJi l-ljljj J J-st^ J J M i n"i j-Lisj j-* Oia .jJ»Vl 4jll~j>. 

^yi 4JjjJo 3 I ■ -I ■ ■■< e j j « i rt CLiLaj ■ ■■-«- (jjs 4jJjC (_g j" -s" Laj 5jUI 4jjJjLa 

31^^ J< f l,U , % l-.^l l1j-l>. .4-jaUtlj4jj^Jlj4jn .iilnll J-^-ljil 
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uu.ii ijuui *i»-i uii : :*ai 

SjLoII i_kj^jLj <»_-_»» (___i L$J 4jJL_JIj 4_-jI <_JI _J_-.lj_LI ^ i^j^Laj _>— c 

L__ji Ij-_l__>.|j < l_;<i->lj_».J Lg_TjJ — "J <*_>i i~ «J 4_u_J l_i Ij j 1 „ <i~ — <_JJ_ij 
Ojjj 4jj_bj 4_ijj_- j_i_- l_iLs_i — ___». (jja 3-iUI 4-Jc _£j__>_i La l__jj_«j __ — _» 
. 1 <j it-> !>>J 3_iULI l_I « 1 11 -U J— «0 LkjjJj <— jI n j 1 n-^JI 

3 J<Ul ._*_•>) _>_;>*_ i_.LSLu_.3l_; 

oLjjJaj <d i_.j__.jji_ _5_.II <>_-}UI <__ — <!<<;" II j__Jjl l_L! j jj» («-tjJI __- lc 

^jjLj _jL_> .(jKilj ^LajJLi 4__5jLcj tijLLI ,« — IL-JI L-iijJ-li <_-.L>JI (jjjjj 

^ljJW -r I < 11" L_OJ_IJ j-L__-_>- _M — Ij -r""i L_-J_> _)l <_i_jV I -_tj__ (jl J-La joJjJI 

j-Tjj ' k *~ (Jlj Ls I J_* Luajj (_-JJj <<t-L.L_.JI *L__!t I j_* ___i 4j«La___JI 

«<4 j«v j . <i>LSLJI *Ljj-L_JI (<___. (j-i l-jjj j>jlJ.I O' -"j)" — '«.PjjjJ* ""l» 

4jl_L-j IjL-cl ,___.. _Mj 3j^_i j__> Vl (^.--.l-jJlj (_-_Lij-u-JI ,«JL-JI _uj i__j_- 
,»lj->.Vl <_j_>. l___Ijj ujjL-JI <-jj< l-JjJI (jjjjj _j-_>-l jl-_j < J>U_VI ___.. 
( __jj_-,l__> !__! j <__sj < Lgjljjjj Ljj_>j_>J (jul <_ ^jlojj <_j_>IjSJIj 4jjI_«___<_JI 

(jjJlj <l_-jjl_Li.il ,*1_.J Jjj_-JIj J_-L__JI (<___. (_>-, <_.j_a jAj <jj->Jlj J-ll 

. <^iL>JI (jjjLa L_>j__. 4 1 1 r> <i 1 
^jUI Oj-^I oP* lt jjjjj I. ■..■.■I (^-jJI pLijj-JI l-.Ij<j ,„>_J __jj 
«jjjjj^lj j_-.j.oL»jJlj6<-^lj5^':cjr-»^ oL-JS^^ 

JJ__ 4__j_ _J_ J->JJ 4_> — luLj-lcj 4 jl<r-> 5 J_U_> j»l L-->.I l_f)jl (____. 3jl — II 

___ 2jjJI (jl - (jJJjj - Jl__uC.I U-> .4<iriVLI ^L*_>. Vlj Jl£ ___M (jjs 

,3_L _s! 4_Jj ^ <-_-__; (jl (j_L__ _$jJI _$jUI (jjSJI 1 j_- (___» *j_>. j_»L__»i 

jtinll (___> 4j__L__il l-iLoj l<_>JI (j_a SjjJI l-iLjjIscjj uL_. (_-JJ>J I j— -bj 

4juloj (_jjJI l_-jjjlJI I jjk (j» L_)Ljjj___yij l_jLjj_llJIj l_iLjjjj_JI JIl- 
. j ilir _j-u J) l____J I (jj-3JI j-*-'jl (_r^ cHJ^ 

4j_jJ 4 « 1 1 <-> SjUI -Jujjlu 4__>L_»JI 4jjj___j _. Lc (jJJJJ __, li i<->! J— J 

(U-ij l j_j_-_»>L.f jLLj3 l.y ,„j (__JI 4jn nilnll _5jULI _-_Jl 4_*jL_w 

(=;r i ! j_.yi L-j ,„ijnii LdjJilj 3j__oLiJi (j__- <»j_j_.j jj_tVi ji;< ,„yi 

iSi-l <4_ul_j_L_JI (^ji-JI J Oj-CJLi 4alt".U 4_jjt>L_-aj « jL ■■■ji"jj. 
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360 j-Lc __!l «---jj J-l Lj^jls <jj> (<__jJ1 ___=. - cJjLJLI -JJj _i_ — «i 
.4 aj, i~11 <;Lj_i_JI ^j^liiaj ££jLjo 2l __i __ia SjjljJI jjt> - jMjJLI JJs 

4j-rjinl,l 4 mji^ll --LjjIj i__j»»j_ _-Jl <i"iinl t_fj->-l SjLju jI LjJ --Jj ^jjjl 
(jjjjj (j-«I .__ I jJ . Ljjjt __3 4 ■ ?i t jill j i r->r j (__]_ — -jjJI j j . r-nl l JjA_- 

,_J)j1 jjj(>o L$__U_j I ■'.<-_ L_j < jj^jJI ___ Lj-Jjlj 3_UI t L__ j»jju 

_J_U,1 Jj-JI i3j*- r J J_---b O^?! (jJ! _P~>— ' '■—» C»- 5 ' J --J 'Jrii*^ 

. _jljj_lj 4_L_S S tl -_-. . ..I j 
4__jjJ.1 SjL»cl «4jjLU» (jJj-J 4 «..!■'-> OjLui ._i___J.I I j__ jLL-J ___j 

4jjLj ^jjkLLo 3__ ____ l_£_-j__-. i"it- 1 njj «LjjJloIJ 4_jJ_»JI 4j_J i_i^__JI 

4jIjli (_,"'-- j ,j_aj_ll (jjs (j_ij_) JljJo 4jVL>.jj («J_JI J_bl 4__ilJ_ \{fin i".r I 
(j-a 3_LU 4 ~j~-_ jjru JajjJI j_JLC jj_ _£i _>_j _)l_J - (jJj mi«M OJ--JI 

j.jLuJI LuJLI_-Ji l-lr. ■„! LiJJjj .-tjSj^jJLl (jlSLLI jt _,l___jJlj 4«* 
4_L__, (__J __jL>. ob Vj ___i V LjiLj .SjLU 4__JjL ^JJLI 

:4jJ_J1__}L_J1 

_jl j - SjjJI- Ljl,, ■ <__ SJiUI 3_UI _>_____! __lc __£]| f L_. • 

.4_(l__j 4j__ 

__a __Jj_j lc $jlj_^>JI £_« i)/l ie .jj__JI ___ 3_La _-l _U_ J "io~~ • 

.SjLU _>c SjjLuaJI -_....jt-l ;;^jj()<ll cjL>.jJLI 

SJljjlj L$jl _-j_- l( jj_JI <__- 4j«jit-.ll jj_I jJ_JI 4___j\__. JL-ej» V • 
<-.ai<-tll j-jjj 4j_C (jjjJl ___w_JI Ji-JJ JL*_a (j— Jl-JI J_" 
4jjIjq~i mVL «jjmj 3__Sj\a jjkl jlo l_tjL__-L i_J Ijj iL^oLaT 

j! L_L_t_J 4_«ic _I_L_*_-J ____!! -rL.____.y_, jlj_S-JI j 

1 «l j4 ____LJI Jl^jwj ___>jJ 4«jihn J--4J I J-_ J_" J V . L_»j_u___i 
.3jL__9Vj 4Jj, j_L_ V 

Ljjj — _Jj _pjjj __Lj__i ___>___ ,___J1 _;jL_JLI 4J — _Ji __a *j_* cJlS 
_0Jj (j_> ,<__jJI __Lcj . Jj^b j! J—jjj-i^! Jj__ V 4j jVji _)L___i J_i.l_ 
(___ Sjj «"aj 3j_l_i _jl_-L>j _JI jjj_w jJ_ VI j _;-LJLl _— i '~- ^"-^ jJ_a .<t _> 
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UL-ll i J— — i-JJt .iMi 

_jL>JI ijjjjjl Jj$-Ji j-Uo JL*-> 4j_L>. .4_ial.1l i_VI aJLI ■ 

.Kelvin <>— Cj Faraday ^jljL—i Jl» jl j_Vl _il j __ L$j j-L__ 

_jVU_ 4 J&I uVI ^UUJI U*.j~ miI jjjjJI .Herschel J_jij_L_ 

juj» , J"lj.>.j'aj ^j jjjj jj__Uj JSf _jja .'lliillj jj jj_L_lj «I j n j*s 1 1 

4j_jjl_j„j ,j-l _3._l 4-j_-jj ...n*!^ .-.I~i<i~> 4_UoljU_l _Uj (___-_ 

jL_jl * : -<j . 2 Ah^l l oljj (j-u ~__UJI ' jjLmuSLJI _■}__- U_l 
(jjs-Ui jjc. I— «^Jb ■>*-'(j J l f "■> iy >>-~-"j *L^>flSJb ~jlj-_>JI 

ijjj-JI J>_- 4 jj«ll Jol — -j*. I Uj Oo'.-,! i_£~ 4_^Lj_>j_. _il_l — .__l 
. (3 ' 2) (jJj__JI _j_J 4_j_JI 4j>_1I 


4jL_j_uj 4-Lijlj_ (jLj _>_— ijj 4_J (_-__■ JJ-J 1727 j-Lc (jJJjj (__9jJ 

-Ui^ L^La.j3UJIj4jjljo- ,„.! L»J .. r t <S _aj__, 5_UL. ~l_.L>JI 

_L__jj ■ jjt'i }L Lg__ij I ^".4—3 <iL~ujj3 Ujjjjej (j— <«I _r— " --LU (jl ui 

(jUjJL -_LLI 4_s>Ujj .SjjJLi 4__L>JI (jj^jj (jrt_jlj>Sj .tUJjJI — _al 

^j 4 m . .. _i ^jjl j~Vl .jUjJI ry> C&J* _— ■ jH>- -» J^i— — (jL_J'j 

(j__lj_JI _l_ (j! j___ j___l_l (jj— I ___ ^LjjiLjjJlj^LjjyJUL—J^ 

J__j_l ^ojj J_ (^y—l 4jjbjj_llj 4 j«j iUU j_ljj_!l J_ __-- _j nj<j" — —j_ 

.(jjjA-l (jj_l J^U L*J. 
,j_j___ (_y_ ~u___j,l (jjj__l _j_JI -jjj _j-_- jjLi j _js (jl_ j_j 

U .4j_j _1>_JI (jJjJJ _L__j_ (_»_ Jj-lj 4_jJ_JI <.L_jjj_ll (<_C 

4jf ry> 1856 <-__ (_a (4) Thomson _j_^___j_. j Jd _JI <_UJI 4_jM 

'~-j~- 4jjIj (jj— J V 4— _ _jl_ .4jjj_j*C 4 i-r ,~, i U («——>- (j— e .', i U I jl 
4J_T Jjl jj _jj 1 1, ajj_ J_>>V J— — '.^____>JI _Jj_sj «_jl j j L^jj 
_j___JI _LJj ji_aj .4j_j_- i_jj_ SjLjj J-a *Lij^_1Li (j j-r , uU (__x_>JI 
j jj«~ ^Li p — tt 3__ r I - . iU4_u 4_oUJI (jJJjj 4 j i 'r\ j— — I 
<___ I jlal ,__$__>_ j JJJ*-a — —ejj— >l — 4 1_JI e _li _JJjj I > _i « - 

.c-a-Ji __-Ji 
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*_ml_»j»_« 

>>-ljl jJtis jl Sj-iHI 4 j « lt1 l 4jjL>_ (_3 (jj>_vajj_ jjij-uI J_j 
U_>.,J_ (j-AjJ '"ij"». i Jj"~ill jLjJI (jja ^J-t^ 3_wL_« j (jwaL—l ijj-~JI 

iSjUI 4jJJ p i ii a n _j! (jS_jj (*J ui> jj\j_4 (__» 3j jJI (jLi JjI _JI VI 

i_jjLe_tL i*. nlj JjLuJI ^ j j ^ 1 1 _JI j SjjljJI 4jjLa_ij (jj i ii <i ^Ja JJj Jl_9 
CjLoj i__>- 4_ j « -»- a (jja _cdl_" SjjJI _)1 (j__ljjlj 2J_ _*l («j t "" ij 4jL»_JI 

Protons oUjjjjJI .Electrons cj_jj__jyi ji« (jj^Jlj j«.^ti ~ : -i".. 

.Neutrons cjLjj_^jJIj 

^ Rutherfordjjjiijjj j>j_j jjj>__-j>_s jyjj!>_j j_-l j__* i_il j_j 

^j jJI £_j-_JI £— ij (jJI _>1 _>— >! U^=lj^j 2jjJI "___lj_ __- 

4jj_j_a Sljj (j^ (jj <" 3jjJI _>L_ («Jj-JI _fjL_JI ("!*.' I «-^ .i*-ij, 1-sll 

ijjLilL _Jljj - 4_l__JI 3jjj i '(«--->-l 2 >f^ Central Nucleus 

__aj 4-jjs.jJ.I 5 1t miII cjL»j ui> __L_. _; j"i -*" c.j -- .SjjJI cjLjj)__a iJL 

CjL_s___JI 3 «j .i r CjI «iji.i-w __L- Ljpljjjj.! __Ij 4_>L__yL> | j__ ,CjLjpjj_JI 

cjI oji..-«. 1 j 1 "^" Orbits cjIjIjlo 3j_u SljJI J_L>_j .cjLjjj^jJI ___j 

CjI i> ii i J-»_»- _-*J CjLjj__JV I _ , o i u") ijijj Vl 4<ijii-- ij-L*_- _'l 3jji i<-> 

(jwa j_i__j __>j .(«I» 1-2) J£ _JI ,___ -i__»j_« j _ U_' iJI <_• 

4j n.o.nll 4_.^_v-*J.I |-L__i LjjjLj ___ _,_"_>_ SjjJI (jt 4___.}U J_ _JI 

3ljjJl r .n-r.SjjJt^oLjjjSjyi J_J_J._.p.(« M . 1 - 2 J< 

i&U, ^jjLj^ i_i j_>. 3 jja JjjJo _>-■ <_._£ J_-_lj Ut-k j^Vl _jj_>jj,l 
<__" i_jL jj__JV I u juk i_i j_>. ____ J___j Electrostatic Attraction Force 

. (5) SljjJI _1J_ (_9 jjjG 
£-L_i (jja JjLa («__! S 4jjJl>JI <iL_j\-i_JI («j (j IJ (_JJj JUui (j '~J 

(__lj3jj_JL"_^L>JI _jLjjJ_-IIj<i joUII _jL_*jV| -jL-^-jLi-aj 

4 j o i» I j 4 n nilg L^J i_jjjJLj CjI Inj -r et IjLkj i_JJj J-*J C s_j__ I 

CjLjj_SJJ («__L 4_jjjJ.Ij i j-J--Vl SjjJI jljua CjLjjJ_jyi -JJJ>-J 

L$_jLc (_,__ 3L__UI 4-Jjj — _Jlj Valence Electrons j__sl__JI 

_JjJ__, J,.l t"jj . 3jLJJ 4 j*>l joj^ll I (3 if>l jj>. _j_v j, j i «" 1 1 j 3j jjl J j"i «i"i 

.(2)^1 (*) 
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-t_i--«.-l ij-_-_l «-)$_! j_»JII ;..->! 

d-j-LSj 5 ijg <j a ~U_lj„j<1l !__■}__ L__J1 _, — 3 -Jji-J kif j __L_»JI 

(> a^. l ...l i __;l_jj__jy <__l__l _-uJI j_-=__j -_. ^j—Jlj Valence 

J_-l j jjk |-jjjj___JI j_lL_o _)l X__« J>Sj U-^ *>_--^" _Sj J " -jl-La 

j__ L-S" t j_j__^M _jl Jb« __a JL»-lj _jjj___JI _}J-CL jj-».jJ --Ujj .^-> 
.«(«I» 2-2) JSLAJL^^a 



i^j^-jj_jj 1 3l > j .(,,(. JS___)I) Ljj^^3j__JI L __L-j: (1 -2) JS__JI 

j»U_i i— iL i_tl _jli-«. ,7,11 _jli _jl_jj_»--IVl I 3jfijjjL_i -jljl-u. ĕj__j i_I_L>_. «li-». ititl 
«L- j a ? .- -$!>>■ jjJ-J -u> ij ,i o m i IUWi J < -J 1) «U ■!■ o i mT I -__ j . -> , t ,l 

_ru_l -ijaJJIj) . naiT i t l (»j-JI j-; L-_l_jj Lj_a_Sj L>.L>-vi _i.u_j ljSIjSJI Jj» 
3j_ ,__9 «jji LjlijpSJI £jj-J ,,'.j-- j-jjjj-— tlj ___J -jjjjl -ji itl ___>jj «K JS__JI 
_jjjj>__« Jj_*-j t/ jJI „>3LS_JI jjpSJIi |«-»l j-_-VI jl-dl jjj-SJ) (-1- jll-j. .-jljlJw. 
,__jj . j___c ^ V ^L-wSJI J_L__JI jjj>_j _j ^ JJIj i_.j_;__JI ,__ 4Sjl ,7,-lt j»lj_yi 
J ljj-5 J j_U jjj-Yljlall^ĕj^^l-iLjjj-Sjyi jjjJ l___j j irti.tl j-_-u t i,tVt 
-jjj jIjji _iV -itjj j-jjjj__ll Sji _j3 jA US i^-L-j-II i^jL-i j.n .itl _)l JLSu- - j>3LS_JI 
jljiĕjjj-VI j____Jlĕjijl__»_jDjj_SJI J__c Ja L-_Sj.___-ljOjj_SJI jjc 4_j j_j_-Vl 


.(6) 


4j ilj ajttl _jjk:L__)l ,_. A_»lj__j Jji-JI ,-Lc «Lijji ,'iat^L-jj j. 


-uJJL-jJI «LjjU-UI 3jj_i 
<___J1 3 j___JI -djj <__, _dl_JI j -Ljj_jiJI -______. ^L_-al <>. -j-jJI __Lc 

-LjjLjjji) j__IjJo (j-a 4jj~i -~ j La J-ij jcJL-JI jLi _jjj____JI (jjj-SJI i ' . a i ■_> 

j_aIj__JI ^j^i. j _1j| jJjjT-" - lj__9j («^jl V! i Ijj-V«_« l_aj_ii- __=____! J_9 
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,LgJ Lt____« <_jIj_ — -"-jj -_<-->J ___>, _HJJJ LTylj"* -sJ-U j«J ___ll 4jjL_>j_JI 

L_---L_La L_j__ — ft L>. __i!l ^LjjiJI 0>l i^tl.l ___>>$ it(j-aj 

^jLt (jAJ j j i^ II _>__ sLllJI I jub i4-jjLjj_JI (j__jjjj '"'Ij^J ...M<C 

Sj__>L__JI) ~L^j__sj__g_lJI jj_li!l 3j_aLL_j 4_i ...jUI :~*,^j (i <\\ 4_>j___J| 

jL«jI _j_- gL o . UI I j~_- J__- • jj-l- _"l ^ ■ M-JI jM-t — Ji/Jj (^Ij^_jjj__I 

4jJ-__JI |____>. _'L 4___.L__JI 4_>LI_JI __jjJ 4 j j*s I n tm i « j — lj^_j j j i ii 

4_.__ji_,t >jn .^i-^p-t^j i^na^.jj.1 ji^Vi c __-_5j_-L-_-ji 
4_-j_j r ,„7,11 ___ -jliil 3",«,; 1,1 __Ujj___)?l l_. (_~JI 4j_j__JI 
i i iiiLu- L$j_Jj i*j__JI 3j li. Ljj__ L__1_j iii nLuj V ___- i___J 

_)l (j_a (jjjjj 4jJI _-___ La i-aMi-J i_U_j) »5 — .oj___il --Lj.jJ.1 JJjj -. — o 

L$jt _$t <4jjj-__JI __<_>. j_>U _-»-jil JjJ-JI (____Li_j jljj" £____VI Sj__, 

4->j__j —jLjJ __o <_JI »1 oltll SjJaj (j-« JJt"'l -Laj_l «juk -LijjJ J--J 

__L_j .3jjJl>. djnlr 3jjj (j^L_.V _-lj'-l 3jlj___JI 4Jj__u (jj_-J '(jJjjj 
-~J->J Cr 9 jj_>_~- -J! S--^ -» 61 tijl Cr-jLa u'^ _> J* " i t l 

jl 4jL__>j_)j 4 j*Cj l_^L_JI (jJjjj (j-ilj-b C_ _•.___.! L$j_j SjjjJI _j____> 

(jJjjjJ Jj<.> _, Lc _, i -y~ tl (j-« >_--> 4 jf) i4j l__3 4_aJ__J L^jJI i ' i g •»■ J 

4_JL_j ^J (jl (____- i__L___>LjJIj 4_uLjj_JI (»__-JI ____- *jjLI 4x.L__jj 

_3__J _____ I jj ;4jjJ__JI — j 1 j i _>j-_J I __Jj (j_a jjj_ jl (jJitj (___ (j J-J-JI 

CjdL». LjjLj 3jj_JI i_JJj t______jj Lt_o -j-->_ (jt ____ ^ojj-JI _JjL_JI (_, t a 

j_iL_JI (j_)j__II __3 4 j*s j in^iLSJI (jJJJJ __L__lj__)lj i_jLijJ_j -^j-r ■ «— -~i t 

i__j__j_jj Jjl~-"llj 4 jj_*_JI J^L>. (j_o -_J_J ij (j_a__Jlj j i__c 

^J-it jt ___J 4_J__ 'iK L_4 ljj___ j__t 4j___jj 4 jlota i_jL_ijl___l 

(jjl~iiMijT i_jjjJ| j-uj __JI j«Jl_-ll i ri i<-ij J-Jj ._____> Ijji) VI t___j (jJJjj 

(__ll («_i_*__LI (jl)> Jl — 3 (j_->- "-SjLi. Sjolr Jj*>. (j-~ (j"j_j «*J (-1 i> LL 

4_l_^j Jl_ «j_j_JI (__s_ >Ljj__ll ___> Lj j^ ii~i Jj—U c__JljLa (jJJJJ I -Jjjio 

.jjJlS-JIj j_lj__>-_'l (j_a 4____. (j^»t I 
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j-u,LiH _.j-_JI ^jJ-j (j) ^ 7 ^ Max Planck «_Jj:>Li _,____» 6 ij <J 

_,_ll 3_Uj__JI 4_i_L>i_JI 4 — JjL>_ jja (_-<£_¥ <jl UJ> J U — * 4__t_u__ j __c 

4_ijLj jtill 4.j« o-JJ ^l___vl _j| nrl-w 4 i nl-w JMi- L^s-jIjj (jj_jJ_ 

^.1900^.0 ,,_,(__ 3 .s«;U .,_jJjj^fj__Jl -_i_j_-._ a___j_jl 

4«jjU jj — ___j ___• 4__U_ l_UMj (jlci .4_i_eJjl_JI 4 ,-_L>JI o ___> JM_w 

0? jL_cl J!>_- >. __J_j .3_LJJ 4j mijUI^oj^I cjUjll ^i« ,1,1 

i__ltjj 1 g '<< t j __tL>-jja jjj« i~< ' ■■_» T SjUI p ni-w (jjs SjjLuaJI l_jLcLl__VI 

(j? __lc .Photons L_jLjjj_JI ,_<_l LjjJ^ JlJol ■ >« 

(jlj .3j_L__JI _jLj_j__ll jjlc LjjJo L ihLIj l_^L__ ^Ljuiyi 3_ui 

SjjJI 4211= (jl 4_5__l_j L_ij^__i i__j_> .OJJjj __1c , l.o~i«" jj__Jj_JI 4_i__> 
4j nnill 4^jj___i |-|<ir j Jl3j ._jLjj__J^I j j « , ^ill 4_u_L__- -jl <ij ,,<->. 

^ L__L_i L£j l__-_____> ^l j LjJj^Li £__-> 1905 ^Lc (_a jj i- 
.jliUlj jLsjJI _*j ____jl jJI -J-Mj-JI <___• 4J1»1LI (jjjjj ■— >( __lj_al (jLSji 

___ Jj .4_jl_ ji 4<ilUfl i-,.iij1 __■_.,>__ L$jf (jjl-Minl C-jjI , . al .S_Ulj 

(8)- - - A ■ 

IjLa til (jjL -ujjT oJuu (jJ»j LiJj^Li (jj-TL l_jjL>_ gJ — u i * 1 1~, a JL_j 

^jl L_lc L»__j Quantum Mechanics (__S_I K jM<jq Sjj_ _}L1 

Jji-J __L_ J-_L___ L_ ,4j<j ,„>L-JI -Ljj-l-JI -jLjjJij j-r.n", __JI 

_jLLu_I JL_- Ujjj? cy° ^ ' '""j 5j_jl>. --VL>__ (__JI ,Ljo-JI 

pl- ^lja^... ...S-j5 JJ l J --ll _Ll-_jjJI ,__! J__l JU_ (__JI 4jjlj_>JI 

(___. «Quantum ^SLII » <___" (ji (_JI 5 jl^ <iVI jjij .Ajjj^SJI ___ysL-jjdl 

(«_-, _ I I jy^J 4jjJ_t_]l 4jjj l_j J-^jJj .«4_l<_>» LaL_~_ J__>_'l 4j_jjV 4___" 

j-L-^i ji r II, >j i^-r;.,-, ji r i id.. ■ ,_-! 4_iL_-]i ji ^i 

(____ 4 t U n~ „ J__jj LgiSJj i^i-oljjjaj 3j__< — i-u-a 3jjj__j J___u V i_Jj-Li 
flj_t C_9 jC I jj ,4 jJL-La CjLl-J j? - «(_?» 4 <i K _>. - oLu. 4 1x4 

(ji-ol jj- _,_> ojjJ.1 *---L_JI »->.jJ.t j' v _->-ij •(_-!! K--Kj<ii S^jjJajJI 
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i_U!L»»J»__l 


JLjjJ.1 4_,j__ij («i^il .£jL_1J I jjn_ ,JJ_J -_J — ■_ l_i___I (jjo Ji^nll I Ju* 

__!} IjJaj -JJjji i4jj __J1 4jj__jjt ^__!1 Kj'iKj a Sjjj ,j_. J_j_>L_JI (j-a 

. 4_Lajlt a 4_Oj; 4 ii ot* ji 4__>j_- 4J_L_J 
_j__j__ __!Lj >t jJj m , -! 1 _>_!! <_!j,-l 4_L__ ,„<iA _1 J}__j 
i L-t.jJjX"i1lji ^jUII £j-»l __-—>- _-Jj *jjljuil I ^ljj__j) 4_jJL>JI fLjja_JI 

KjjKja 5j^j _, l_ 4j_L_.1I 5_jjl>J1 5jnUUI _jL_jjJ__II <- _j __-p- 

^L-jl 4j___sJ1 3j__]I _J J^__ (jiWij (jl >— jj-_ i — — J.I (jj» (j_j ^_— <(__tl 

^^jJI L_lJ--j^Uljj\^l,a-^ L gjL_ i ( J u ,„!(>» %75 (>j-J-;i 
i. i (j"U I ( _ , " i t i 1 Ij ( _,oU1 l (<^I-I — — jj (_^L-u <jT__iL_JI (j_i_-LJI 4J14J _)^J 

<_____L-__ (__3 jii _ 1 j_-Jjt (_a-»U1 (jj-" 1 l>° 5 J^.'"'^ 4J — - U_ -,,^-kJI J__>. 

SjJJ ,J_>__j_' (JjjJ-JI — Jj-j^a __-dl 3_jljJI __LjJ__JI JJJUJ) _jl 5EJ-1 JJL- 

.jjLII L^jJj__j 


_8_3 
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3 


(j~ JjI — _JI J___!l ,____ Lj_j I — »_ 

_, ...^j ll ^MI (___> SjjJI jla .._>L_JI 
_j___ L^Ui ,pJlj <3.U ^V _,j_il 
_jL_I j i ii ^__<j_j I ^ i r> 1 j_. j 3jULI cjU_jui 
_IjJ.1 __lj_ L£j__L_j L^_)!>_i o__l±_>j 
4_uL*j_JI _jL_jJJ .-' I -y...-^ 5.L-J _;j_- -J 
j__j .Molecules o_jj_>JLi «_«"■_. "" 
_>______ ,___l olj-Ji oLJjj>j oijj 

ijJLojjLJI (_Jj_ __« ,_JI L^L-».! (jjijuLia 

^-8 ^ja-ILir" iii 1.1 LljjJI jl_a_v! 4— Jj_»J 

. jjL—1 L_.jJj__j ~j i r> < jj 
,___ j__LL1 i_ajl — «Jl (j-M^J I — __~J 
, ^M-,llj_, adj 4j ... I...Vl ,U j U^t l 

^ljJ_y 4jj11j_ jL-jjL Manipulation 

Ll>.jJj_5_ _)L_ <4j_j mjll J__>JI _Jjl 

3_UI (j->lj >- _-— . — J — L*-u_ J_) j_j_JI 


jji, SjLJ.1 _lj^<_3j_- 5 

«__ l__a J Jrt___J (<^L__l 

.«jUI^j-I^ 
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oij j jjj ^ jUn 3_UI (____ l — ^jjj^ J}i_- _►- <-iJ — J jj < ijjS ji .n j 

__a ^«SoejJI -_a , I ^Ijj)j*lj < , rM-JI j Atomic Arrangement 3_1 Ll 

Grain L^Lj-l». _L_jt (j_ujl_U j j« ,r-Ti _jjJ<- _>c "uii-l jJI I^KIja "ujj 
j_u ,3j_>-ljJI 3jUI L__=-__t ,i n- <*_ _>aj . J-U$JI _0J_J 3 j_jSJL1 Sizes 

(j_»lj-_j oTi 4 ii I" V a 3_U LgjliTj JJUJ 1 I Ju- _; Jj-» Jj-JI j J J i~ 1 1 jjjl ij i 
Sj-CjjII L-jlji""!! jji jj'i<ll jjLUI U> jj j iCi l_ aji_ _JL__JI I ju» ^j 

Atomic ^jj— II *L1jJI ^^Js ^SmS^ _, — « ____-* ,___!l Sj <_jII J, m.IIj 

oK; .»11 j^aljAjCjljjJI c-^jjjj JajtJ jjjiojj <3jUJJ ,___>.IjJI Structure 
j»jJc Sj^-L^Lo ,___ "JjU 5 jjkJo ___!] _;_i Ua .Crystal Lattices «L-jj^JjJI 

. M",Vj (__.ll 4j__a_JI j_a_ jl jlt 3 Ju Jl> £_l jjt j^L-pa yjl <_j_l _lj__LI 

pflii") (___ ^Lae-JI J_ A>d3 - ^JliL~uJI -Ijll _) o Ljjjlj-I (jc L^jloIj-.. _, _ 

luplj j , .j"i jJJ SjLLI 4 j i 1 1 I i «i <j ii")j Lj-ljj] _;j a-i I ()"j -»■ ^J jj--j jjLiJI ^slc 

Iju» __9 Uo (ji-j t",, ,i i _jt (___ («jj_JI (j^jLaJI (_-— a (JjJjj Jl__ IjJ <4j1>.IjJI 

L__jjjjJlj 4_ii_>.l jjl l_j",ji_i_i 3_l — Ll _>_>! ji- JoLjjl _;JL« <_jl__JI (jjj J ua-JI 

. l& (ij jJI 

io--iU>j5j-| <_ajljjJlj CiLjjjjJt 

Lajlj .iljj-La "■__! ■ jl 4jJj_j 3jj__> ____ 3-LLI <_jljj J->-JJ U lj_l l 

-JJju "_j__a .(^ji-^l j — __Lul1I -jljj (jja Ujj-. J__G _,t _, — IJ _-J>- 

jju 4jjjJI 4j_>J_jJI jjjlaj J"}J >J .-jLjjj-». (jja <__]__ dj*il j-ij^ L_il J-J-a 

4jL>.yi __jl£j <4jjU Vl -jljjJI Juc. 2Lc.j__l flju_ itj". ,_■_■■■■ (jjz ^a^j) Jlj__ 

4__>L>JI 4^LL_JI (oj_ _)t ___ L^Jj IjLr-ij _)t ^-3 ^LjjL »1 oUJI ig"-».! (__lll 

4__>L>Jl (CJ-JI i_l _J 4jjLLa <4 aj"ll (___ Jil jj— -J "uj__II <_jl J_jILj 

(jj__sj (__]] U_l_ 4_— jj j— _i_>L— lII <— jIj j (jl ^ *■* 1 I JukJ . 4jjj__JI <— jljJ__JLi 

J_.L__ (jt __-!] L^j^ J>U i> aL-Jjj,L-^l---(j'.j^V"jjlj--, 
(jj__ (____ll <_jLj_jJ.I 3jU <_jL1_j_>. (jjS_J _>j---' j---L_c <_jIj j a Luljoj^ 

. LJ 4_>LL_JI jojIi (j->L_iejl __II _^jd l_U jj < Ijlj ii", , ,.l j--l 
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(_— iL i__ jju u_uljj J5— >■ (j_»J i jj-I jl j "lir -lilj j (j_> <_;j->J1 _j__uj 

-jIjIjJLI _j_jj__!I _;jjj (__lj Chemical Bonding _jlj_.jSJI J_uljjJI 
iLiLJI SlajljJI J_Jj . L>1jj£; (__ j^_l ,___jjjJI jjjJI j__L___ Sj_i_-Vl 
jujj__ «-_;j->- (jjj-_J l_JI — ■— Jl _)_jJSLJ 1 ijjjij i. » -> -jJLI |»j — j jj ir-»tl _>jj? (jj — j 
__<> £j_!l _1! jj a_i___| jd j_-t JjLcdl - r UJ_JI -X. - ( -j__jjj___]I 
jjjj .Ionic Bonding 4jJjj-I 3I_j! jJI («-l-L 4_jjj__U 4j)L*j_JI J_j,jjJ1 

La- jj J i*C" ~ijjl__4 (jj» L-__J> JL—j 4jjLj»J_J1 J_jl JjJI (jl __JJ L_b JJ-_ _ _)l 

^uli^tl j____L_JI -jLjj! _*_> _-_ _>- J-j1 jjJI -i- jV _l_Jjj .j-JLJI 

jin~.ll 4^L__s _jl ljjj>- 4jjj_ (_1c jl jll (j_a _Tj--l ljj____ __JJu 5jL_Jj_i 

Molecular 4j_jj_>J1 __L_L__JI __s 4j ,„___l ,LlJI jL*__i Jl*. ,____51 3 
. jjLJI L> jJj___j 4j_>L>JI Manufacturing 

-jIjjAJI 

Iji^l ji_ j 1$_>I __i jjjl>_ (__ 3jL__ ijjjJI 3ji ,11 j-ub ,_II 4__L_>yL 

4j__j 4jjj_j J-L-S J_-lj -jLU Cjljj Jja-j (*J--J _jtp_ ,4jjLum_J1j 4^Ljj_J1 

juj_>_ (_a Lc^jsj L__jjj Ijjj uJjjj 'Uj- (-Ul <L_* i-JI -jLLJI ___ 

_;jL_JI ■ .--U.^t jjf __J_J| J ___J| f j_*JI I j__ ,__ jjIj .3jl U (j_>l j_- 

CjLLjJI L_Jj (__ L_4___l JjS 4jl__]l jl jil l_jlj j (j I__J_ L_4 _^_>J-_i L__J 

L_aj| j->-JJ — -jj_J 1 1 (j , <■> I J_- J -J-U __jJj_ (___ Lj-jjjjJI I j—b jjjGj i4jjjLJI 

. L^jLjJ-- jL-jl (JJiJjL— 4J _jL JJ 4__——JLl (J_>1j >J1 J oLujl JJJJJJ J—1_KJ (— _ 

Crystal _»jjiJI tLJI _,_. j__"i J^L__j jjj-JI ___ ^jj-JI _;j_-I l-_c.jj j_sj 
(j_ -jj-Oo 4j__ (_L_ ->M_>VI JM__ _vo _JJjj5 Jj-aJI jl jJLI ____ Structure 

' ^ 4_lj___j C —ao L_tL__-i jj-sl ji (_ji U 1 iij i3j___- >u>.lj_s 

3LjjjXJ(4jlSu_iJri 

Crystalline 4jjj-JI jIj-JJ Single Atoms 4jj___I -jljjJI -__>_ 

(j_a L$_l_US _, »_. a-Lujj 4jj_i ___.>__. pj". _)_ __A__JI . Materials 

._;j_-Vl jl jll _jljj (j_a lj}jlj_i j_o __J__?j Lg-_-j SjUJJ -_j_JLl cjIj jJI 
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4 il.^ll jljJtl _iljj 4__jjLi_ U 4tt m -_i_i f __>JI _jL___}L_I fl j_> t_jj 
(S-l_L) l-3j_«J ^ U"< i a ,__j>.jj__. j-U__ __3 Lj — ____! <_^jjj_ij j»L__J icjj (j_a 
4_j_ 4-j_-U-> »___l j-« ___ _jlj j II 4j3 i nU <■-" jjlj ._Jjj1jJI j-l _i!l 

l__jj __JI _U j _>j <jj . Lattice Points 4jjjJLJI 4__, _JI ____ w i ■ ■■' 

__a jjJLl. Single Crystals SjUI _h» 4jjL-J -jIjjJL _____ _;j jJI 

Crystal 4jjjJLJI Jj_____II _;j_-I __II <_*___ 4_Ji___ 3j ..i.yj^ J____l 

. _________ f 3Jj__. ' j _>_- _--lj LujJ <_jj_«J.I ^....n Group 

j_jij ^jji Skeleton J<j.ll L^jL 4jjj_ji 4SLi_ji _ijj__ -jU~ ,„'ij 

4j Lg i___jl <-__ujjj 4l_-lj _$_.ljja J}L__-L 3jUI <-jljj 4cjjj_*_a 4 j3 

—iljjjj 4_jj_ __L_, jljil J_>-JJ I a 'j-Lij '^ JJ-^-J f k~ ' a J£ ">J — LI JJ 

Polycrystalline «_______ oljjij 3jj__ _____ 3_l_ j_>.j_ l$J_J <4__>jL-.t 

. 4jJ_-l —jljjL 3 J_ -_-l>_ (j_3 __L_ 

4__L>JI 4jjjJLJI - t' 1jUjU->~. 1 « . „j (<, i» 1 - 3) J__JI £_i_jjj 
-!__>. 5_i _3j____ .jj^jjl J___l __JI _jj_j La Ijjj . 4_.}__.f jLuT 

____ ._j___,i __| ,«<_ 3j_ _,_. __bj , ,«<..U _, Kll J< j^ll _,( 
J_ ______ ^___JI j Unit Cell 4__>jl--. . I iJiJI ,«__-l l*u j__-IjJI 

L^L>JI l_Lu> 4 !j_-«j (*j _h°j '3jL_J.I <_>— I j— -j _iL« oij _il___ 

L_j .<_>JI _>__-JI -_U .,.; 4'I.~U 4j_IjjJI _,L__JI jj_>_ <_-JI 4j_»JI 

4jL>JI jL-jI _,_£__. _)l_ -3 >j->-V _)l -_j <j_a 4jjIjjJI 4___JI _____ 

_)LjjLa J->-JJ V <.-.j-- ) '(jjj-i-i _-JI 3__-lj 3jLa _-_ < n l~i V~ SjLJJ _-JjVl 
jl jJLI (jwa J-LgJI (_JI I j— ) -J->-J (jJ- («--=■ jJI _r— • 4___JI _i_j ( j__jlU"< a 

3jUI _>— il ji- ' 1" -- * _>_ jj;«"H ^jU~, _jj . 4^_L___JI j 4 j.j .Ull 

JjlUj C-J_- .4jjL>. _M 1^'ijI^- J_jI (j-Lia 4 aj") JUJ_»_ J>_- (j_o _Ujj 

. Lattice Parameter 4_ijjJlJI 4__j _JI _U-»--- -- IU '^- .lyill I j__ __ic 

_.<U$ jl_.Ijj__.jl__ J___ __l_ Sjjswjil jljj.1 _>1 j-CjJL j-)Jl>JI (j_aj 

4jI L^jLs . LgjKi iii _)J_aL_- j*j_ _3>L_>.I (j_a (— -.jJI _----J ' M— o 
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j j A 1 1 . U ; jj |j 4 . 4^Ljjj_Jlj 3^1 j^jCll _)-~lj -_llj _jl___JI _,_ 

i— <JjJJ (_ill 4jjjLJI — jKj -Jl tjja (jjji- -l _jL_jaj— II (_1_. L— ajl 4 __u 

cj>I jU"iint,l _;jlj_« LjJjo i_j— -I 3jm.\iA JLSLii 4_±_> (_1_ — jlj jJI L$j_ 
. _ij-«J.lj _>- \ 1 1 1 U j 

i__!J_ d U . 1 3jj_ -Lo 4_, 1 •i-r a «JJ__ ('"-r 1 " ^ — J-^Ji? 

V __JI 

(jJLc. ( _ J j J __J)JI j__JI VJ < ■ ■■_,<■ n __>_ L«____j *L3t <__ 4_Li_J 
^5 J ^ai5 J UJJd_^ J <J.loljjJI L^j*__.,__lj HRTEM 4__jJI 

<_ljJ (jJJua _3j__ ^JS-UI lj_ (_]l _jJ_ La Ijlj S^^ 4jjlj_« 

— jLai 111 1.1 _;jl 1 11" 5 \ o r j j _a j 11 1 ,-> 4n 1» I g . „a li p j La '■" (__ CjljjJI 

(_a 4jj__j_l 4jjIj — i_JI l jJ — - «J-La j_, 1 . m«"ij 1 1 Q ij ■ 4_— sLjJI 4 jij Jl 

I j_fc _>_. 3jj (jl J_p- =■ — "Jl _w» J— La_ i pjh T i t lj t-tjjj-! 1 
.(___.! (jJjJJI tjjjJj-Jl 



(jrt^-ll J— _ USUwa U uA< I ihih^l U-j(t) J* ,7,1I_->J-J:(1 -3)J__I 

—■IjjJI «_;>— .j 4jJJ_JI ,'I'iIi l-1 (jJ-a-ST 4j) j_J I i_j__J I __>jjli l/ JJIj (lj) (_9 jjjiM 
^C, .tHJC,»^a L^jj __,__! a j '< j j T I i_l_— — J,lj^>Jj_ll _i> jj j_jj ' 3 ■ :«-■ 
JjU-^A l$_l>» J*>L_.I ( _I| > ___JI iJljji__Jj|ajj_JI JTjl—— -__3 J__l __j 
4jj— Jl ■ -\i _3j_ _ jj 3 tarj JjJ_ _— _ 3j^J— _»j 4 i _ui '■ - — s— _ _j& __ jj ,4_j__J1 

___Sj_4L;_-l J-Uil (I) J__l Jjj-j .«<, ,7,11 JSLvf>J ijjUI 4j.j-_tlai f _VI 
.(8) l^j-Sojj-j-ll 5jUI__.lji-jL)__a J-JI^j-j JI-IJI _JjVI iu-iJI 


49 


& JJ1 La^upil &a JLJLttl ljL_> 

4 ,1, „11 _l jil Ja Jl-LjJI ^h-.ltl tij jJI f U__JI lill j ^jnitl __Lc 

(__lc SjLLI __ljj 4j_. p fc>" " (jjjJlj i^jjI <_JI *j-»JI ,___• t>L <_iL ^jJlj 

ijpa <_1j_U ^jj^UI J^-^ 1 us-*- 1 Long-range Order J_ jjJ_JI ^jdl 

- .1.^.11 jljll (_paju Cjljj <__Jj_>j - fl ■""■"! M_i Jjlj __tl j-j-«j>- oLijJj*. 

I fl L»j_i ij—Li- iJLiLs^Lc. ^-Ijjl __- Ig" irj 4jJUji j_Ua_JI I j__ _j_- _U>j 
4jic (jlLaj (_5j jJI Lj-jjj-JJ ji-T L>.L$Ifl _)J_-J "^jlj jJI (j-« L*j-i_. j_ — s jt 

<___ l_ jjj . Short-range Order ^jJLl jj-^« mJj jJI (CjJirJI ^ lJ 

4jj_Lil CjljjJI (j__) JajjJ 4 otyi,- 4_)X__ -J->-J _-JI (_-VI I j-$J 4"m n. , „1 
(jjJ _rJJjj (>o slll <--Jl-J Jl-J.1 Jjj — • La JjI — l_ ol_jj_»J 

(j-J 3jj J-JJ «L».j_ 104.5 l<j"'1J^ «Ljlj 4jjljj (jLL-JJJJ (j-JwJjjLl^JI jl c 

4^}L_JI <___. «L*i_j .(«f» 2-3) JSL-JI ^y. _aj_» jj_ U_" <(jr_~i,i<Vt jLc. 

(jj-Li (j_,~- m<Vl jjs (j-».jjJUgJI Cjljj JoLpjl l^jlr ,j___itj (___II 4jjljJI 
dULl i_jl_jj_». _; Juj V I n i j 1 I Ju_ . j->-T _-lj fU ^LiJj^*" (IV J J *" ^J ^ -^Lj 

__L_ L*J 2ui.liLl l d <-jU_>-»JI ^ La-l^U r jhr.l _l ..", ,,.1 
J$ * \i , Vi (ji L$J j_L_U __l juiJI _t_>J (^ I jJ , ( -U__jVI (jjs j__J1 I j___> 

_>.- j_l>-V|j <_JL_JI £j_JI <__ j-jj .(_____. j_JLi 4_L__j (ji Lit jf <ijj|j __=. 

No-order ( -l___il j-ji: ^l j__i_JI ^Lt_jJ( ^ ,„L. jl jj_J _?j jJI st-jjj-JI 

CrJjl 6j J (j-^J 4jjIj__C. (__9 4l« J_) MjjJI £_l J-UI SjLLI Oljj Jl>_ t_LJJ>- 

(jj_.j Vl <^ jjl_)1 l <(j_L»LJ — i-u-?Vl Jjja <J_ljLiJI »_ . jft-> . <_jljj j-j__*jj .<__jjjj 

.j.U_ltl IjiJjJ Lk_>ji-j (j^jj_j_Ilj 
_jjjJI <___uj_JI J_»L«jV LoLc i_.t-~_.u~" Lu-uj (2-3) J_! <_JI j__pjj<) 

3jl j_»JI jjjLjj <4jjL_JI j -JjLjJI j 4ji__JI (__j_j 3_UI (j_s iliMiJI <_jVL>JI (__£. 
^^Uli.LijJaj VL-i.*UI j->.L_Jj.Jj_i-Vl mJI L4L- J_ Jj__-j_> 

4 0 !n"< i a <_jl_jjj>- (jja < __! L_j -jljjL 4jjj- ____ _)J-J . 4_lL_JI 4 _i -»■ 1", 1 1 4_JL>- 

^ylcl 3jl j_*. l_jL_l.jjJ 4__sj_,_u I a Ijl 4jf JLo <(«<_») 2-3) <__-jjj_JI 

43ll)j3. fjLJJ L$J_ L-lIlj 4l_L_JI 4JUJI (__JI Jj-tjj 4jL^ ,_5j_JLI J<ilr-|tl (jjO 

4j^__a ,ĕLi__JI 4JL>JI ___3 l^jlr 3jj>-jll 4 0 U" i I, I LgJajljj (jjs Jj_— Jl _-_■ 
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2_J__« «.LLI C_ljjj_». 4j_1 J __u (_£ jJI _£j jJI ujjjj-JI (j_a jj>.T LL_j»j l_I I ju 

*UI lSjI^I jij-4__J £_-, ,(«_>.» 2 - 3) ^jjJI ( _L____VI 
L*. ^lj ,4jjL_JI SJUJI j^aj ,3_UI AjJLill SJUJI _J1 Jjp___. J_I__JI 

jw- Lnis icLLI jLsej _jl_jj_v __ujjJ ___ (__j__j__II ,«ju 4_jj| j mhII _j i n"i 



__a j_u_UI c_jl — __JI lj_* (jl 1] 3jl iVl -u_aj_a _, Tijjj Vl jjlj 

________ CjLa>Lki.l jJjj ___ j^ -j oMjJI 3_UI o^UJ ^jjJI f UiliVI 

(<_3-jj 3_UI CjIj j JJJJJJ 4jjIj — -_*-> .SJU JSu 3jUI _>_jI j>i-J) __-L_L__> _____ 
5jjj>.jJ , ,l lIiI liinM ___j (3jm»J 3jj«"aj) 3 JjJl>- Cjl li m 3_UI i—iI i n"i^I l(ji<* 
jljj.1 l_1_Lj _J 4jjjsV| __o JUJjlII l_!1___j) .(_5jjJI l_ujj_J1 |-____jl J_u£ L^J 
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jjjJo -j£. L_ jji^-*~ __ill AjjiiiJI (9 -* Amorphous Alloys 4a_ J> .Vl 
_>_>lji- __L_ J jm-.-»I I -iiJiJjJ -JJjj <L_$J ,_,jjJI h-^H>^Li Jj_i-VI J — » t~ 
. 3jjj__j ~j,jg"s 4 j^j i - \ j. « j 

i—ijS mjj^jU 4__ i-uljJ -JJ--! 4jjg-»- a ~jj__v (3 — 3) J£ — _JI _TViJ 

Ijlj .4j_jj>iVl jljil _jI_j_. _pa 4j)J_ 4_Li_J 4_)jJI __JL_. _^jj__JVI j___l_JI 
_^jjj («i—i» 1—3) J^ i"itl _j3 4 ij ill _JJjj 3jj mll jjjuk _ru 4_jL~l« Lj l,"r Ls 

LjJ!>__-l 4j>jjjiVl jlj_ai oljj L___!1 -Jj>_ ^l a/.l j _;j_. LU 
.SjUI^^IjJI JS^JI j-l>J 



jjUilitl AajJI^Lc^jjj^Sjyi j_)_JI tj i »__ 1 jj_^b _jj^^«jj-_.:(3 - 3) JMmiTI 
LgJjCj-l ^JS "jUI -.__ -iljj <l->._~;"i ^JJI .IWiTI L^jjJ >$-»j i-_J_ 4~_ mh _*• ^J>~' 
.(10) ~u_ij_i_ Sjj__j _±tij) ;~._U.I 4<jmi _h» ^-li-ljJI _lj__J 


ulujijl 

4j ui.ii» J_C _,? uijl j 4_oU.i -jIjjJj I j__ __a ajjSL* .a—jjjJjJI a_L _JI 

ajUJI Jjjj^ ^jJI (1-3) J£ — _JI ^ya jtxbjj» jjk L__" <j_£i L_ijjJj t l u 

L__ ~jl__Vl j_-~-_j ."jUJJ a^jJLJI a< ; miII __a _~jjJI ^tHj^I t>° 

i_~j jJI i ,j" jjJI ,__ a_J_Jtl _>_. i__lj_-jVI _~-jj (jl 3jjj i^iILi (j^jJ 4ji _, II 

_-3 l_JL_Jlj ~-JT.r-»ll jj_ (j_S__!l Jj i l—^-ol ji- SjLU (jl Jl__ <_JI -jljj 1.11 
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-_<_ >» i-U1 Gj_» iti : iJijkll) ijWI 

(jjl , v <i «"i jj_JI Lta-jJjjSi <"il jiii" (jLa L_l <_ ljj-<_l L»_j njLt»-Vl ^ U« » 

jljjo (__1_, Jjj--»-I Jjwl _jjo Sjl — Ll CjIjjJj Ji-lj <-JjJ_JI _jjo JyJ-JI J-JL>- 
. 4j I jliYill jljJJ _jjo Lgj^jJaj (j_. L_jU*_) -jlnir-ill 4iil"iT-<> 
<_> j__*jj_jJI «ikinljj 4 ili<~> 5jLo __<;V Jjiiir-»tl ^timll lii^»T'°l La Ijjj 
J i <-> <i"> 3jjL»_a GrainS oLu> Lll j^— _i — -j i n'4 .Uj i_j jj ,Ci > __jj i i-i 1 1 

U_ .Grain Boundary 4mi->II jjJc-p ,»Li -_jj_ *U.jj_u> __j___ L^Juj 
cu*Z\<! ,„ii')4UjjJI L___«_ L» IjJj.(«i»4- 3)J< r..\\ ^ oj—y» ,9— <* 

Jji^)lii'i (j_»J_> <-Sj — <__ 4ljJlj jojSjJI w — IL_ _ J jjj__lVI <_ij_ — L_jj_Jtl 
£j__*j —jlj jjl ,jjs ^n-^j jjj» <__!l_j 4jl > — — - _L - — jl ij _■ — U <_— L>-l jJI <-_jJ-jj Jl 

jIjJLI _U jL-j! . _i_ij .(«._■» 4 - 3) J____JI_-j_j_j_y_«<_*jjj_) 

_jL_>L>_I _)? __ll 4_L__VL> lj-_ ._jl j "-jj-Li.1 _jjO -jlla jl _jIj __- __JI 

Jjjwj (_— — u <3jjLa_ll <jjj_sJI j _ i __j_j ^ _■_;;•*- J—J ujjJ Jl <_< JJj— II 

• _£>-i 5 m , - - _jjo <_jjL_j L^__lji-j LjjjI_u_> (j_jjd~ <_a >__*■! 


.•:•:•••••: 

• •• • ••• 

>• • _.« r T_^ 




«W- 





\jjj> 

/ -Jt-J-I 




(<) 



(13)^ 


_^i^__5 > __l-^j^L.__ii^ 

— lj— ___J1 J^_*_u j_UJ Ijtnjl-) >— L*— j(»j) J^.ntl ^_ajjg -CjI jj _i-»J1 j_>_>- go_J I ___;__, 1r Ji— — J 
■ * 1 1 j-s 4 m JSj olj-ll L-i.Jp oUolj -.1 w .->, II yUljJI 


3_UI t_1_.lji.4_l_. <-*t j>_ i -» Jt u 

(__,_ <____}— _lj Sjl oU 4jjSLLI 4jjjJjJI CjI iajj>JI <«^t_. j j t ' n" j iltj 

— jljiii" <__xl_jj _j— — < ^l -<-"") (__,— II <—jj j— II j— — I jjj» L^Jl_ — _i!j Lg — mljiia 
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j_a i jSiIU' ^jjj, Liaj "j^ljJI 3jj >. ^JjC (jj.< < >'»-J (jjjJI ilIiIjjJjJI »1 <Jx. 

cUIjC Lal .4j1c. J—>-jj' o\ ^jiill <jj» M^jJI ^jj-twjM ^jj_LII j»UiUI 

"jLLI *"jIj_j1j f~^>-3 "> 5jJH*j !j-^ (jj'"njV jlo^ ijjLJI I — a^JjjS!" 

J}L». (j^a (j^Ljj I JlAj iSjUI (j-alj — =>• 4jicl iria j (jj — m i Vm jajjjjLai&l jJlS-i 
. jjjajjlj 100 J~if (_yJI LgJ "LjjjJljJI i-jI m.i-nII jL*jf (jjjjLla jji i^->" 


^jJI^Lc^j^jiJYl J -^\-<£^\#OjJ*\~,L-± > 4Mij$-ui -.(5 -3) JSLiJI 

^aJ>< J^J^^^hnl^n^-jjUiiJI.M'!! , Mill^J^li^^^ljJlL^jJJIg-Ja^i 
Jojh^. Ij^ij J-^iLi (j ^j-I) i) jUjYI^^Lj^lj^^LJiJl^^^.LjLJiSJI lJ_* 
u-JJI Ji.lj«jU,lLjljj jjjwjialiS iJiLiJIJ^ Ja>->Li9,rt m i-hTI jjll». («^b^jjuij-iJSj 
. Ig m i aticilAH jj.l»JI J_aIo ,jJjs L»j_ajka Jju I <im i iiJI m !-»■ 11 ^ii-ljjl 

ijj£!_L^jj£jJ.I "Ja Jjj iLjjj>.l 4jj(j-». a 3jjj-o (5 - 3) J£ — iJI (JJ-iJJ 

"^LLaj SjLaJJ ^ljJI i ^ jjJI £j^>j 4jjii3 iiijj ^JjjjJ^I J—sLlJI 

i_3jjj»JI jjjsjj J^ lJI ^yjj IjjjJI jl — iiJ.1 uJJj i(jc-n it I — (jirm 1 — gjl ni^ 

"jjt m «bojlj lIiLjjjj». (jj8 lJJljj "ujjJI (jl jAi-iLil (jjaj .(j - l) "ujL5tjVl 


54 


L__bj_| *__J1 £.)-> i-»! :.__jaJI*;j-il 

Iju». — j__j Lo Ijlj . Ij__jjL 30 J-=J (__!l __ljj_>jjlj 7 _j_> L_ oL*j| -jIjjj 
J_~U ■ i «__La (_j_- Ij -j"« I 4j__4j J-jU-- J jj». j J__- jLj __■ j i J^ mi 1 1 ^yjl 

,Sj_-IjJI 4^_-JI J__-lj L_jlj_.1 ______ J2\ SjUI oljj jj__>.j ,_--_«, 

Ijlj . ,i_1>Ljl___>JI (jru 4±__L_)I Jj_-J_L_,I ____=. _jljjJ1 «j_k jj-»-j J-J I *1»J 

_^_5_L~ Jl_c _j-_*J (_>c L^-— -J _jLuj_»JI — JJj J___u L__ 5 Lul Ll__j__I I a 

_____ oljjJI Jj— "»-J 4_l___,l J-eJ __) - 1 fl '-j; 4lu_L_l 4 jijill I _JJJ_- 

_l_ (Jlill Jjj_- _*——•) «-_» 4 mj-sII J____ _>_. L__ _;jJI (___».jL>JI ^UnJI 
L^.a^JlcJ J__lj_>__j j__,J - cjljjJl^t - g^objl 

.(7 - 3)j (6 - 3) (j_;____Jlj _*-_*»_ jjk 



(~~ 5 nm 


,-,i.^«_ji ... j.i,.,t( jc.T.ii... _i,a^4jJi J c ■■■(■)__ :.'>,\ ,:, rp'-j : (6 - 3) j___ii 

__»__« ___ ___._$_ jt _>lj_lt g-Ji i * i j - (j i_ij>» u J) <_—-__! —iijjj-otl _j-« L^jIjLj. __. 

Ju__JI j!j3jj.(7- 3) J___Il l=7 ____i j j i<" i g-b>- >_ U_ iijL>.j_Hjl lfl-».hiiii __}__> 

.«_».»} ,o. __d__Jl (_-jJIj _->y> >» U_ 

4__IjJli 4__>L>JI Sjj _____X I _jL_j_'I — -J_j (_>~ JjJ—JI Jj_J JjL>- _F-J 

La Ijl 4j! __jj J_i_ iSjLJJ __-.! j— _JI __L_ _jLul_»JI (_-__ j—ulj 
La __JI L*j_J__aj j« jj — -J_— J jljll -jI m_i-_ _L*jIj jl I__l __- (C — __e_JI (_> 

(15 12) ^ _ __y ____ LuLajl Ijjjj-- (jLa _jI j___aj_U 5 _jjj 

J_— J _jl_ _jIj__jjLj 3 j__ J (__!] J i n" 1 SjLLI — jl jjj*- jU__l — jj__i_> I «___ 


55 


^^Sj^l^li^^l^Sj^^ilcjljjilJ^I jj-^JI o-» ^UI ^ 50 
(^yia ĕjjLjj (_^— j L*» 1 1 j «lLl^LoJI jjjl>JI (^JtsLLo lLjI h i-kJI ... ^yLc 
. jJoLUI lLUj ^ Sjj^mJJ ^ljjJJ 4jjJl*JI iaLiSJI 

4 n ;-»iTI ^tI-m.i ,jJLc Jj>jj ijljj 


; -. ; V : ; \2 nhr/ 


sjjji^Lc ^-ijpsjyi jJjlji ^-«.u iu ...i^jpjj-ia-j;^^ aojj_^ :(7 3)jt ti 

^jljjJI J>»«j(6 3) } (5 3) ^JiLjJI^Al^ll ■■«).. 4 m ^n ^ljJI^S^Ig^a^i 
*-*;Ij>J' L»j 5 jj. ^jS^kJI^J Ji.|j 
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4 


jlSojVt^t 

^Jua iajl uA\ Jji^iitl ^ Lu» LUJLLa 

ijUjt Jl jla iLUII <U jb ^ jJI j_uSUI J^»JI 
JjSjJ j-La^a <-flJJJ>J (jJJ l j I ■ <•».! ^ ojp 

SJLj^jJl LjjLjjSla iajjuj iL^i-olji.j 3jL»iI 

C — "J Lr^ L*J_J J J "^L^j^J CjljjJI (>o 
^cSJI | jjb jLLI (^ijj .SjLil CjL^uJ (j-alji- 
4-!jju^> jj^J fU=.jJI (jJ^-J ' jlj — 11 (>« JjUJI 
'L$cljjV iajjjj ^Lsjt ' J '— " jt Lfcj.ua». 

: La u^~j - --^j (jJ! il)L^j)/l 

3. ■ .I"tl jIjJLI 4& • 
.4j»JUjII jljil *uis • 

(jja dAiJI LiLtj Cx*j (j* (JJu-aia (j£j — I 
< jjjLJI j^ jJ^ jLuU^I Ljij-c (^l jljll 
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wiJjil 


»-UIL->,J,-&- 

lgiii^>j jl i L_>jjJ _j m j »i _*i jj» «_J, i_l***ILi» . 1 j__> -Lajj (_-_->- lfr» J i Vi i »_> Jlj Loj 
■iJ^i Jj 3, 1. -"..... j| *i___lj dUjiL.1 ijjl I4I JL>_> V 4jJLj C-rj.nl 

jl. jlj>« L^jjSU .'I Ijj i«L£Lj _.}_*_JI L&ilc ^J^- 1 < *ij*nAill I ju_ (j___ 

i3_i_>_-Cj -_i___*-a .'■> "m .U~ij **_cj__jj (ji-lj__l (___) l^ijkjjj LdyaljJtj __l L__jf 

JliU J j. i <• > ^^Ltia .4jj — __JI ^jjLj (J_ hjj^ Jd^ o*j ^ j_J 

(j_a j___> .-Jjjjlj ^LjJI jL_fc_-l -jjjUtl (jluj .CjLjljj-J! Jjl-- .j____>J! (j__Jj 

1 juj_>JIj (j-uLstjJI ■ s l**! _. . .. llU __>j 5 .u^ilj . . ^ *i tl J!ui ____J1 __>ljj_iJI j • 

CiC jjjj iLjjLi». ___) -_|JL».J (jl i__>VI £__-_> ,jja jl 4 j<j jU jlj_o (j_a L_Uj_>jCj 

jlsUlj (jLajJI £• *-^ kJI ^**- 1 *)" -** 3 -J 3 jlc -_jVL>__a l«_L.I _l*__-_I 

. -GLLcj 4jjUL Liii-jj 
.-UCj^ ____■ 3_LC (jJJ -Jjul-L-!I jl jil i rtjii^' ^lc i_3jjJI (jjjj»- J__lij 

i-__j___.l --«"-'L-eJLI (_, i. _^L__ll__jj l_w>lj->- __>l __*ij LjjjjojjJ L___j _il Ijj 

:(____ L__-i_> I ^i^irlj (jl (jSLoj 

.Metals and Metal Alloys "ujiiJI -<__L__Jlj L_>lj__iil • 
.Ceramics 4.__S.__«lj.uJI jljll • 
.Polymers ol j_JJI • 
.Composite Materials "uSljJI jljJLI • 

JLa-jjJLI J)l j— U ' nl~y> (jl (_, flUjll (jja .1 n _iin*itl I ju_ jl_ Lsl 

,j_-j H^jjs. VI i_->Lcj« ->rl l jlj — a -4__.1j--.J 1 0* 1 <i 1 n __-» ^ jO" J--— ' 

1 j"lj j| j_JI (jjs 4j_j.q ->- ti J£> oL_uJ__ij l_jL-I jJej _ul (jjLjj (0__j 

.tfj_-Vl L_.Lcj__.j_Uj 


.uj__.i •'*■' ■ ijjijioit 

/ 2) Mineral jjudl ^ «U__JI *uj___u_JI _JL>JI Metal jJLiJL. j___j__u 

d< *-.' ' LT - * - I " I-*-* . j-Jjio jVlj(J-J---jJlj JljJlskJI L_)ljJ-3 j__->Llc Jjjo 

ji (j_ij_-___c J-iLi- (jjj (<_3-L_JI (j__jL_t_JLI j^jjJLI t-U j Metal Alloy "L_jj__iJI 

Jj 6 _ , l :(j_-icj__ (j__«__-3(JI -jjl-JI jljJ.1 (« — ___i_jj .-LiiiJI <_j|jliJI (j-a j---l 

U1.JL.JL_JIj.____. I aM^^J^-U^I--H'J.^''^l^''^W^ 
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jl>j_-JI _j_j V ,__l 4jjjj_-JI jj_, oljliJI _i-L ,„ j«_ <_!__! ^ ...iill 

4jL_JI J_« SjjJLC. <— )l iiir» ) 4_aL_ 4jjl_JI jljil j_|<i"'"j . LjJjjS- (__9 I -jla 

.^-JU-JI JL__! 4_>.L_I CjljL^yi 4_jLi-j 4_Llil .(jjJoJlj , ,„11 
•(^J-^J lSjL)-- 1 _L>--J-JI er 1 ^ LjpJJ-i" cr^ -U -- 

i JLjJlsJI _jlj 1_ ^u: (j_. 4 >-— Jl "___j«il t_. L_JI __L _ J_Jj 

—ijL _JI J— _! <_ij*--^ ^ _j— — ' j__>L_JI __i *JJ J_I J— llj j»J j_Jj__I 

o.L^I (__■-_. jJiilj-j r,<ll Lj.l",jiU-_JI \J^^ 3 i jC -_jjJ_JI 

.__LaljLS___.VI __« "jJJ- , _Uj_' 4__L _ij ___— -I J"~JJ 5.il-,~H 

J-u^j_l JL_*_ ,__ _-__-_! _l_j ,4 gJ-Ul 4_ p .jJj__JI _j| ni.U-llj 

JIjj Uj lt __»UI ____-. J^-- u-___>/l _M--> J*j -cHl^b Lijlj-^l 

4_j_»JI _jljJ_JI ,__L_u _js 4i i u_ ii 4jL j « ~- 1 1 ajjb ,____ .1 ju- — lsjj (__->• 

jl___ J_j (_-Jlj .L_jj_j ^jjjbjlllj j»jj u__Ulj j»jj_»jJj , I L__L_g Jjjj 

«__ , .H-»-,-) ,-. j - 1( »L_ 4j>-jj _jLSjJLIj ^_jjljj_Jlj _jIjjL_JI 4 _L__> 

.SLijjilj SjUlj 4j_iLj £____ 4_j_>. IjIjjs _jL_Lm_JI 


2L*2L^ij-t__t _|jli 

J-u--". I Jlo .4jSL_I jj ...I I jl jil _L_ .4jjJ_1I jljil __» _J-J__J1 (_1_ 

4___a jljj» ___ .Nitrides -jIjljjIJJIj .Carbides -jIjljjj-JIj .Oxides 
, jj____j| j , ...ti jt j^laij j| j____,l ^! ^jj V Brittle Materials 

5jj__il 4j<jjKjU __>lj_JI _-« j-lj JJn J L^_M— «I _-~ (____! —1 IjJ 

JL__! 4_j_U (__1_ Ijjjjjlsj .L^J Hardness Sj^ __ll ,»j_ _l_jI J___ 

4_j_L» _;Jljj (_j_ l_J j_> i4;i>.j_>JI I J, — U _! 4jj__j Jj— __ _jl jL^>.Jj 

VI at J<3 .... jL$_ }L_ __i__JI _j| jl4>.lj JL__vi *L»_ 4___,l_ Strength 
f L_i ^,- L4J __> j_jj ___l _jl jL$>-)M (*j_ jjj_j (Jj-j I jl>- 4jJL_ j«j_ ji — 1_ 

J__JI JjoIjjJ 4jJL_II L^jjsjI—aj 4j^jflljj-_ll jljil jjajjj l__ . Joi j_JI 

4jj jj jl jil 4_4JI «jjb (j! jlij . Erosion _j Jl j Corrosion !ji __IL 

(_3 J__JI ljL__!(__JI Li_ J^__!_i jj!j . ( _ J>d _Jlj^jlj_KJI J__L_5J_I 

.3jjj- _L_.! S jj_ JlJ j_ Jj ._._1__>JI J_ (__ Lj_ Ju^ V _L_j__j_!l 
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»-U1l*»J»-_1 

(Jjl^tJl 4_cLLuo d £ , a \ j i , .A \ jljJLl <__uIo^jJ 4__u_aJI i__JJj J ■ »" ■ -- 
cr 1 ! ,j_- e Lj«_Jlj 3jlj_>JI JL_-I ^--Jl jlj_il _-«• L__j_i_.j 

£_ljjVl JLo jljil _1_J 4_li-Vl _>_> jy-l£. _JLi_j .<d _v__}Lo ji-l ______ 

c_ijJ_JI 4_.L__- ____ 4__I_JI jlj II j j;_^"_ .£_>.jjl _, a *r jT.U 

._;jlj_»JI l_jj__II _l!j_j (_jLil (___ ^j____J.I 


J_-JU __j_. ,4J5___JI jlj II ,__JI Sl __)l __!_- _>_J Cjlj_i_JI t_« i .l"l i"l 

_'>*' J J^--5 (>* (*^_- 1 cj—^J • ct^ > j '".0 Lj_L- o»d>— 11 >--— ■ 

4j«j iU.ll _l jJLl jf i l^tii^ _)— « (j' -—VI (j__U (_y-JI jl jil _i_ (j_i S- J «" a 

.Sj-jj- j__Vl olj-JJI >lj -> Jb>- ■ Ul Ut tj , /1 ,-, . ..M , II j ^ljhtl (jla . I j : „ 

____J J_>J .3jljJ_ij 4nl~iira -_-'_>_« ___ L^jliijjUl j-JA-. lj-__ — Jjj 

_i jii __l_ _____ ij-yoo ___>« _____m (jj_Ji . « j__ ciij J.ti 

___. 4j__JLI jljil j__! 4 — ____ _>j__Jt j-JjT (_- '. - . T n^i ,___. 4j___J_^JI 

4i« (cJLJI £__j jJLy _;j Jl i il.nJI _____ _JJj (^ 4_j___ .(<JL_I _Tj_ _mj 

. Ljj__< (jjo jLLa _k__jj jLJ» (j_i i_Jj— uLa j»jJI 

_i_ __« _:j_-i _ij__i _jj^j_ ia _u_»m __ .,, „^tt _jIj___ji jiUj 

—Jj—J-jj .j-i.iijtjjJlj (j-JAJjjJI Ji_a n 'll^* — _JL1 i__i__J _J _jL- jljil 

L$Jj_:j , Jj_ __JJ l_['._.l_ila Jla (j_>lj_wj ______ 5jL_ ___ 4_aL_ _jlj__s_JI 

jl jil j__i I _aji JL_j . iiLiilj _)jj_JI 4___j .(__ij^_JI jl jillj 3jlj stil 

. ijLuaJL J__JI 4_»jL_- (__ Ij-oM 4jin,>i_Jl 
4j.ii ti_1l jljil ^ljjl ^ja-w __i_ _(j__J _jI j-UJI _)i 'J-i jJI (j— ci-Lc-J 

jisej V --ia. ,4£.jllil -j.UJLLj L^LiiJaj 4__j __l ___ _Tj_-Vl 

. JL__> Vl l_-Jj ik-iLj-JI j 4 __a_Vl 4-.I ii^ (__ ^J__i _j ___£_ . L^la -Jlla 

_____ _j_vM— -_L)LI_jj .^jjLaj-JI jljilj aLil Jl_ J_lj_JI J_j t-yjLlj 

<_____> ___ J_-J_ __J- _JI_ ,4__>Vl Ji___ i—ljJ-. 4 _l___j .LajJo- 1 ! 

5j^>.i J-Lj-J .L^ljji J_— J _L_jJLI Jia i_j--Vl _j( Tr"ill (j_« JUJuJI 

.4_L__>UI _jL_J_JIj _i_lj4JI 
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jljll j« _J L__jI Ipjlr Jil-jj) - Composites __! j^Ij-ILi j i^><ij 

(^UI 3j ,„1^11 jljll _*» __JI _i_ - Composite Materials 4 ■<! j_il 

ijj-l jl SjL (j— — » 4 ij«a -. jar c.- jl 4jjjj i_< — _j 4_L_I ,jjj— - (j__ -. — i_ 

jl < J _,L____ , I SjU __II <Reinforcement Materials 4__cljJI jljIL __,j__i 
, I jl^ L!_J_- i_JL_ll SjL -_a -___l jJI jlj_LI _____ .Matrix c_JL3JI 3jL__ 

jljll ,»—__>. | L$i_-lj £jjJJ .4 i_jL__a 4j_>Ij_ a ____, Jj.^-^ll (j_«__j Ljj» 

jLoJL n" (jl 4_«_.l jjl jl jll jL__-l (_9 _oj___jj . LJLa Ljjjj __cl jJI 

(jj-Cj ■■ n-y; (jjjl _VI SjL -_« jl (j— — J Lgj-aju JcLjjj }_9 . JjjLSJI 

.4_j£lj___J (^L^iJI g";l,l <_JL_ Ji-lj 4jJ j__I 4jj___«JI L$jjj__ 

o_L_- 4_L_J ^js 4j^j<ll aj^ 4jS"Ij_II jIjII -_jj __a __)_l$JI jj I/mj 

(___ . L^j 3 1 ■ _ _ " (jSo («J -jL-__j_iL ■■■ 4_L_>J j)l __JL_JI SjL (_JJ 4_U_a 

_>- j___u j ,i_i__i oijL_ji j__y 4jjai s^ujj jji sjm . jlii j^ 

,, Uj» ,'-11 (_jjV L^j_>jj_ jjc Jj___JI - 1 j j ■ .. I j .f 4_jjjl1I — jIj nljtt 

(PJI _jljL_»yi «ju» £___! _-_!Lk!l J_L__L1 ___jj (jl _____iil ___. __J I jj 

4 Sjt-i _____ I jj S4j_j_LI jj <_• *Lul (__ 4 i j « 1 1 __>jj__JI (j_ JJl*J (_>_j *_J 

L_- .|_jL5_l_JLI ____U (_j— .j-J — L9--JI i«j_)jJI <____!! L_>L_i _>- 4_oL___ 

lVi..iVI fr l__t <_- L$J (j-JjJ-J ^l Cjljl^KjLJ 4__ajLia jijj 

<jJ <_i_M SjL - <_i_a _»l <_-JL_ _v« 4__Ij>il 4j| — lujjWJ! 4j_Ij__ Ju_j 

J lm jlj_j) .J_JjJI JiLa 4— _.ljjl jljll (j_a 4____t_a ^ljjl _(_II 4 _L_il - 

j_ ■*■! (j_a iSjJ___a _fj_-l —jL_L_Ij . JjjjJI Jla 4j l_L_Ij_JI j l_I j *_JI 

Jlju JaJjJI (jl j_jJI _>_ (_l_J ._L_j)M L^3j_: ^l 4j_lj_il jljll j»J->lj 
_Lo i.-i ia 4_ajL-_a pjh -_5j _JJ tj"JjJ O—a Vl -_a 4UI -j 4__L_»I 

,_9 4i_-|jJ| _jL_lj_il -L_iJ jjfc . jljil (j_a 4__l l<__ j--I_,njjt-»'i Jl— la 

Carbon u^j-^' >-_LJl _____ .-. j- .«_ijL___Ij 4jjj>JI __L^ jII 3 r__ 
4_L__ _,_ 4_j_*___II 4jjI_JI (_jjj_j_Jlj »jji_jiVl (_I_Lj L» <__JI Fibers 

l__Li__j JL9J <-__!____ 4 ja~--->,. ..iML-U-j .l_iL_jII »j__ J_L_jj|-l — __>.| 
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^jjIojj _h __>_ (___. _ jL_L__yi ejjt Jajuj . _>jjj_JI i_ aLJl ^j. _?j— *' -^j^ 

j U-- (j_ L$jjl_jj _>_l 3jLs (j_ 4jjl_JI 4_-ij _AI ^.-LmKjAI _>_>lji»JI 

iuLj-- «jlj->- —jL^-J- -— ■ -— — — 3_U ^dS-**-' t i^ilt L^jusjj— i J__ jLgj_1 

4_L__l! _1 jil _1_ J[ _Jj _____.? L .^jU-JI _L___-JL L«j>Uj e L_l (___ 

,__ L-_j_>.j 3j__4 JjU- ?JU-aJI J_lj_- J__> 4< ninll 4jJjL__ 3jLj (_1_ J-uu 
. __| j'--..H qj» (_-__-jJ jt jjfl 3_L_J 3 jLc .1" l"> i~U_u L_ 4jja.j 4jjjj _-Jj-_- 

-uj-uii _ii_-u 

j i ■ _,__ IU ..,1 La 3j_j__. VI 4jj , _M ___ I i-"l ,__- JJjjj La Ij-u-) 

i_a SjLijjiJI L»jl*_iU* (j_ _j /^Advanced Materials "_.,i*-~l,l _lj_ IL 
jljil .>_-_ -' ■-"- ■ ■■' ^ljijj . (4) ~u_j__ll ~i :; uti_ ".^i;.^ti cj^L^JLI 

,jj_~JI 1 ' : * Lj ijju (_iJI 4-ia.jJjK'llj 4^L___>JI 3j ii U 1 1 <os 

- I1UV« jj^t J___j - j__ — _T (j—Ls .4_ l___ (j_-> (<_jJI _-i--J • _, — — Ul 

_Jjj . L_}L_J L__i_S I -rlUir-ia ~-JJ_l 4_JL__U jljil £_____ (jLi 

"■jji^-iiill 3jj_I ____ 3jliJ_kJI jljil (yi __iU JJ *JI 4„_j___ __II Ij t_j 

_J_uil jljil 4__U_ _L_ l "L_____JI s lj5/l ___ Ijujuj Ujx-.j .4j__.UI 

(5) Advanced Composite Materials 4__x>j__il 5u_l j_il _1 jil J_____ 
l_jj_ jpJlj .SjjJLUI j_i_ jljilj (6) Glasses Mctallic ^jlill -_wj_l j 
^|j___| J*__ j_j Amorphous Materials "u_jjji_I jljil («__Li 

j— )l J— - 1 — IU m a «Ull ■ L . „j 1 1 _r_w 4_Jl2_I jl jil -. IU 1^-1 -> 

U_>_ _j_i L. _,__.____, (^l Nanomaterials -ujjLiJI jljil j_>j Ij__.j_-_ 

4_Ij_- (j_(_.jJ! L_Jjj .4_a, l*"il,l jljil 4_i_ __9 3jlj__l (jl__ J——J 
_J__j __jj_j ._uj__JI (jj-J' (j- 9 — — I J ' J» .' — -Jl ^I^J (jt^ L_=*- — __J^ 
4jiij<j jljil ej - 4jjj_ (j_. i_)__! I Jl* _w« 4 Lail Jjir-iiill ^ 1 3_-V 

_lt 1 L._J! _)_.i,__l Sj-IjJI^jJj---! L»SI3iiU*j L^i__ Jj____JI 

. jLLjJI L_>-jJji_i (-Aj .(jjj Mitllj (_;jL>JI (jj-— II Sjj-j 4~n n 1 u~) (—1— 

* * * 
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_-Lc L$j"}L>. _,__- L__J_ 3j ,,sA 4__-j <__. 
>L_J___II ^ JjVl v_.LJ( Jj ,----1 _*. 
Sjlil |»j^ii _-- — __L_JI jjia-JI ____ L_j_uj 

«*'.iglt _, lll «(«_— I 4__jj__u.. C_t >lj — y_J 

i.*illn jl JL*-i '(« g-LcljLijj sUijJI 4__jj__i£. 

tLjjj__l _"_Lx-j j__ii 4 "ij.i-- "JljJU. Ljjjjj 
jj____j| i__u£ | ijljj .4 sjL-aJI 4 ■ i_l*T.tl 

_U£S __ic o^hLj 4_____>L_1Ij ,LJ_JI e Vj_» 
3___jj_s t _tll_uT ._____>l ___JI 4JjVl (____]! 

li>_LJj_>. 4jjL^j3 J_lj_ J-U __J _y_: 3j>-__ 
-_LI JJ J__U _)L _)L_j>U 4_JI -_« u, jl __U 

4jL___>j 4jL__>_i 4_*.Ijjj 'jjJj _-_II _)J-5JI 

_jjj j_U <4___. («JLJI __L jl__j .3juj_>JI 

4 ,nlVi _y» Jj _JJ--j .(jjp-tJI jj-JI j_yj -M^U-ji-l-ai^ 

5 j<j . „*-— 111 *Lji_J 4jjVj_JI _)L____JI _hj __d_j,i 
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0j _ji i___ ^_ .___ j_„ 


•^l>i— «5 J— "'i^ _r— ' ! 


t-UIL»»!*--, 

(dj .j____. >>-_-l_Jlj j___c (jjaliJI (jrtjjJiJI JM->- eLsi-JI i__l-,_gl>.l i'i«)-»Jf ___JI 

«L_>__ii jyJL>- (j-l (_j ii <i i"i __jjj _>lcl-- ,4ujL-ij ^«JL_J1 *L>.j __j}Lj _>_->-« i. ij--j 

.^Lj! 3___j 4____j _)j-_JI qJ> _Jj'-'' 4_uJI «Lgjjl Juj_> liiljj ,«(-_JI 4jjJ__)» 

4jj 3; «II _>->l" mi ijT jLCat l_~iin~-_l ___>■ jjaUII <__ "UjJajJI « j_fc__ul" plj 

l_3_jj_o i__Jju _)j---I 'L^jJI C__L__>ij) Lgjja __tj_>.__ .«SjuljJI 4_u ■■■■II" 4ujjJ__ij 

y,LJI Lo.y^ ,JLc J_u___» ,__ j__jj LJ _,_. U -i-JI I ju_ V_Jj .«-_uj->JI 
)_jL__J1 I juii *ljJa 5 ;- -^; uml jl __J jjlS" L-j .5j<"jtl ljj~>~j,U~j 

i__L_____s juC 4__« JjJ>-ii 0' (_r- ^ — i^Lj __] _-jL_JI (j J U-J ij' 'U^'j 
.-ujjL-ll jljil -_Jj_-_-_c L__- -J-jj-UJ .i_j___J1 ,j — -(_jl_JI -jLJI Jj — ____ 
. (_C I i in 1 1 j (_— uj -»"11 (jnjj)~n.i1,1 (— L- l_kju____»_i 4 jiij^j .Lgcljplj 

l(j"l^^, .UTj^jjM -,tl M^tl, ^:,^," 

Metals _jlj__l_JI Jl. .4j.ij|--iII _L_LI ^Ljl ,« y _,! Jj- 11 _J U ' ■■■■ 
_Lu.l ju_JIj .Glass --UjJlj .Semiconductors _j}L_jj1I .Luiu. .L$&L__j 
m,U 4uJjVl cjL_L>JI 4Jj\_4j juLj .Polymers cj! j «jjjJIj Ceramic 

jljll J_Luil i rtl""r"ij 1 j_> .(4-jjjjLj jIjus) 4jju_>jjLj jLtjl Cjli jl jjs _jjl__J (-3 
(_9 jj__kj ,jt j S_«j _j> i4j»_lVi uJLI j j ir> Vill 4_jjJ_ __>__- Lj 4__jjjL_!I 

(cjLjl jU.iil) u-jjlji 4lu_ __lc ji .Nanolayers -_>jjlj (JjLsj) -_j _____! "jj___ 

(_3__J__?j.Nanorods,jlji^ji(____c jiNanowires _J}L__i ji.Nanotubes 
LacLji -_»>L__-I __ic 4jji_jjL_JI jLll _j___; . Nanoparticles cjI 3jj__. 

CjI_. 4j,ljli"~1l jljll^jc Ij-jjA) 3jLjj_i 4 j^j')K jaj 4ujI j 06 .4u_Ljjj_i _>_jL___-j 

^j i i f>"j «Lu jL_t_-l 4 Ijuju (__) -jjjLjJI jljll _jl O j-wj . 3j_u_JI CjI JJJ->JI 

(_ic (j_-_-jj 4 a I ii"i o (j_>lj__j 4__Li_il -Ijil 4-L_> jJujj (jl <_ .3_VjJL>J1 djl -ar~'il, I 

(j__U V ,j--lj>_- 4u3 j-JIj-J -_u_- .4_»j____J(_j (_£jJI _-jU_JI -ilLll «Ijij 3«l — _£ 
■ 4j IjI3~i1I jlj>il oL_e_Lo(_9 L_>j_lj)j 

L^_>_. j -u^liji jijii jm. a 1 1 fci ( 1 - 5) j-uUi _>__-jj 

0 I ^jU-.inj , JSLSJI (j_-j .(X ,Y .Z) 3u.>l_JI j__J! cjLjj____- __J! -u___JL. 

-.(_-» 4_u_u_j CjLcjj^ Cjj_ __J1 -ujjLUI jljil __u__ 
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ijjpLUI Jl^ll JJjKJ ^UI Ajiljgi JLCiYl jrUJ J*JftM (S— 'J =( 1 - 5) J&jJI 
Ljlilj^i ( V )5 4 (jUjVI }jjl*i) Aj^ilj L.LaJ> jt Jjt3j (i) ^L^jJjj» ^ 

. ( 15 ( jUjSji JuiiU) 2u>jij ^i.ji-» (^Ij < jUj*vi JujLIj) Juj>iL> ^e^ 1 J 


jj*i Ji^l jLJJ j^j-.iliJldjLAo^jj^: jL»jVlijjL».!ijjjlltl 
ljUjU"r"i Lvuij («I» 1 - 5) JSLiJI ,j^=>jj\jj .jjjsjjL 100 LtjUjl (jn nl Sa 

Cjl j (^JjLSj l^tg-v) 4 ^j^j ^ — La uus 4 2 Jo 4jjjt ,_,lf ur*J 4l_JI * jj4 ^jja 4 i j 1 1 

.ji , U y. ,*:,j V 4\l J< , i :.'l j * , jj ^y.l j (7 jj-- H ^ , „t j II Uajli).'U,„ 
jIjJLi 4l_Jl »*' i ■ .. 1 lA^j aj i^j^jLi^j ujjI *■ i i [X iY") (jljj-*.! Lal.K i i'j 

jl jll « j__ 4Jl»i (j^jj .(l*____ joJj (_;_$._) Juu L$I <_-i!l (^l) ___) -1 4j_1_-I 4j__L_I 

JL^i^4j^^l4jjjLlJI jl^Jll Ji^ Thin Layers 4_±___;_l j! j-L-jJI Lj-oLS 
^rUini f.yja <ya |>jLir"i i „"i ^__JI Jl»_\Surface Nanocoating -^U m-l *">LL 
_J____1I i2j*jj j-*>L-S"l __J_ ji i l jl__JL J£T_JI (jja LjIjU^ Jajju 4j)J_JI __l -r~,\W 
ijJjJI (jjs L^Lsj __>._6> SjjI jjjl obcjjJ.1 1 "ijli" "L»jVi iii 1,1 Thin Films 
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jj^jlj i ii II (J>jL9j Jj- 4 ^ nl"iV 1,1 Cj^Luoj)],! «Ljll jlj)ja (3J^J ""*"' ''U-^-' rthllj 

J^ai- 3 : aX(1 - 5) J_jjl>JI jjj.ij—u^jiJI L£L>JI 4£.Luo CT i I j^jUy.i 

4^L«jij)jLjJI ( 3jL3jJ t y>.jL>JI «UeJoj-u »l>LIo jjjJo jjj. 4 iil"-r 1,1 Cil Sj iU~llgjj.il 
.Cjl njlt-l"llll^ilj^ai iiiiI~m14jtUiii I fl 1 1 iH^j ^jojl i_yo\ jj>JI 


dl?ij ih"tl 3u£ljl jUHI jJa— <j^olj»- j^>IaJj) jw>o :( 1 - 5) Jj)JL»JI 


.jjLJI Jjli^j <l5M1d ^jJjJa j^ 

tiltij liAlt^U 

uUI-lSk^Yi JU-j Cl SjiUllt ilU.i 

IjjiaUal ijj}JIaII ^ljjjl 
jWiTI piUo jju jJLUI jtJa^, 
ijajUJI jIjILi 

jjLJI JTlJI jj= julIIj jjLlSUI *lj>i 4jL«. 
SUJJI jl jll -u...i ijU». ^Jj SjLj ,LiJl<U».VI j^ 
. ^UlUVI j i^LL^I ^" T ,„iS/l .oljULJI Ju 

m^ SjLjj :4jSUjLSUo ^lj» • 

4jjjLU ^ SjLj .^1111 3j>U=. 

.^jitJJ jJojji^I 

jjj L$jjU=-j Cjl — =eaUI jja — uiV j i_i — Jajj 
» jjk jpS 1 j I . ' dj'^ (»jJ* lUI jj jLiiJI (JL-uOjJI 

.4iaLiJI oLLLjJI ^U-j — j U . ..j 

.^L^VIj JJJI j^^Ullll 

j- ^ljjVlj JjiAUI oLi^Uj oW. I>i JLjLl» 

oLLujjJI jia uit 4jUs- . IjLiaJI j£. jjLUI JTLjJI 

Jjjl , JjUiiJI jc iU^LJI Sjl j* oi^dlj, 

.oLLajJI JjjJo j£- CjI .Mitlj oLUJJ mJjIjj>JI 

^jlj^JI J>JI 4 5jIj^JI "^jLi^ 

. Iju^aJI ^ JJ-iJI J-TLjJI i-a^LLo 

!,«—»JI jij Jjlj_J i^jJjJI Lji« s }U 
j£. LjJjj=. ' q i^ji 4_p.l jj>JI Cjljj^l ^ia — L^i fr >LU 
dl mjjjnll LgjjijLia jjajj 4 — jjjjSLJI cjljjjJLI 

.<_jljjVI tiit ^jh.nl l(j°ll ImTiII J-L-j OLjjiULIj 

. ^jjJulJI CjI jI iJaja * 4_cwjJ*^ijJI 

iSjjj^II -JU ...VI ol j Jjlj— «Jl •>!>« * «• 

SjJjMJ .LJJ^JI Jj_J, ^JJ^JIj Ij* 

oljJjll ^jLi. !^SJI J>JI 

.-■1 nI ■ j/. 5 ,AA'Vlj iJjSjJI 4ULc.'VI 

oLLLiJI jja — l^i jUj 5nit-illj ;jj,lSL»j>Ll 

ij i.hmiII L>LiJI icLjws . Uijji j CjI ^ijuJlj 

.4jJaJjj3j]jjiJI LjLiJlj 

lIiI jl i>i : 4jj_iu-vj ^j-ol^i- • 

.^jj^JI ^ISUj^I 

■ 
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,jx _iJI ___ 3 <- j * ■> * a Jo jj __j : jUjVI 4jjLu 4jj_LJI .jljll • 

Juuj .j_LajjU 100 ,j__ LkjLajl (j_« (jjjuu _pil xLa J_u (jl 4jjjL_JI jlj Ll 

V JL-JI L>Uj(Nanotubes)4jj:LJI oLljU ,„Vl jt^UVl 

4jjjLUI _aLJVlj .(Carbon Nanotubes) ijjiLUI o_»i^JI s-±>-! j , -~.tl 
iMht 4^a £jL»l .(Nano.wires) 4jjiL_JI __I}L_Vl _Uj_j (Nanotibers) 
^jJI <(«-_.» 1-5) JS_JI _-JJ Ljjjaj La I jlj . jl jil «j~ *-_JI 

(jn-ALOn ,_^) ijrytll _>>— * _--.Li__ J__">_ LiiLs <4jjiU 4jl jL-> ,„V 

_,! _-a ,__JI <_J_- I juk .jiajjL 100 ^ (j>L3j 4ilj__Vl 3ji__L_j (X iY 

_tla Sjl__ _Jj J_U- Jii (Z jj_JJ _> _____*? jjl JuuJI) jljJLl , ju* Jl j_t 

._l jj»jj£LjII j! _lj__ajiL_JI 
__l — <__"1j S jjj^ ol — -_ljj (jjjj.VI (jjjJLJI J}_- ,_j_ — jjj»-! jjsj 
I g i „ li i I j__*_>_> _-jJI 4jjjLUl (jjjjSUI <_<jjU*_' Sjjj__JI (j__.| j-kJL ^jlt" Sjjjj» 

."—jJUl j_uL 4j<j")Kjllj 4_uLj-i_JI i4jjLx«jSJI (j__lj_>JI (j-a Ij jj£ |jJ_L 

__)j J___»j ^jJI iTensile Stress jl__JI — bL^j Strength 4j.j1_u _L__jl£ 

__3 (j-sL-iieiL LjJU 1" J-a <_J__JI , < l*! ■ ■ -t J _JI 4_ajLLa 4.«-_ ■ - ■ *-> 4jLa 

i_$J— I I 1 | 1 4 ti__L_JI i *l*l j . .. 4_L_" jljJLa (j_J_u 4_LjJI L^_<Lj_ <Laj_ 

__jL! -l-ujijJ — : -i/j-i (jl Ljj_. (j_j joJj . (jVl (___%■ (jl _-jVI lfltii<-> SjLa 

£_jj __lji-JI <_Jlj_J 4_jj_Laj 4-_.lj jlj__" i__J_>jj _,V 4jjiLJI _,j_jj_I| 
Lg__ajL_La j_9j ,j___>.Vl (_Lc.J i4 j<j')Kj U L^j-sljj- _fi — __j__ij L^jJJ_o (*jJ 

__L__ 2_jL_JI 5jJl__JI J_a i_SjJv! SJljj— (j-ol j__. c->J L$i! L_) . jl j^jMJ 

(j_aj ,Sj j a *il l 4jjI jnj^y II _£___lj__. ^ic Sj^_ i(_Jj_J_Jlj (_Jjlj_>JI Jjj-ojjJI 
L>_JI oljjSLa ^ji.rt- (_3 4jjiL_JI _X__Vl j l-.jjL^I (-1 IV, ,„l ^JjHI 

Sj^Vlj jL___VI Sj^>-!j 4_ojj_JVI i_L t_,L>JI -ijI j_ ij 4j_^_J| 

.4nj«ljJI 4_jijj___JVI 

, jL_uVl 4jjiL Spheres _L,__JI Jlai : jL_jVI V»^-*J>»-»' *W • 

jljllj _lji_JI t 3 : p-L__a tdJj^j .Nanoparticles 4jjjLJI — I ni>ll JiLa 
(j-a 4l_JI t>j^l 4Jla! .Ultrahne Powders 3 a^_JI <L__ 4_jS_ysl jj 

jjf ljJ_-i.jLuVl 4_j3>_ l__jiL __j (__l .4_^LI 4_l>.jJj__JI _lj_JL1 
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»-U»t*»l»-U 

,j__jjL 100 _>_. J__ X ,Y <Z 4_Ji^l jjUJ.1 ,>! UjLul (^--jjL-j» 
(jja 4__JI ojjt (jl .j_jJLj JJJL>JI •(«_-» 1 _ 5) J_! — _JI <___ (_ry±_ j_ l___ 

j^L-- f t oLuu* 4_oa __L_ __?L_f *L___ . _L_jV I 4j___ 4jjjLJI _1 jll 
. f Lt 4*jj 4jjjLJI _l jJtl <j_ ^UJI -_j)M 4____ j,v.^" ,4_>j_JI 4__i_ 
4_^jJj___J| ■ -■■ Sj.U-.tlj oVL»i1 j> Lj3UL»V-,,„l _j_5 (_J1 1j_____J_j 

— jl m .-w (Jjs-I — -i Jjlj <_,VL> (jVl j_ilj_ JLil J_j l_ _,___ . 4___jJu>JI 

4j^_! _.!_ Nanoparticulate Metal Oxides _.|j__II »j 4jj_l 

__,<jlj...tl j_ ___t Jlo __lj\l_JI Jj <_.__? Ji-JJ ,_,j-_ .5 jjj£ 4j_1 .--.«.I 

fi _ijjlV! »j ...< f . Titania (Ti0 2 ) ^Lj-I »■ ■ ■■<? .Silica (Si0 2 ) 
Magnetite (Fe 3 0 4 ) : j__jj_>JI » : ■-!<? _l_Jj_j . Alumina (A1 2 0 3 ) 
...LJI jIj^j .oL_^jj_UVI 4___ > U^i (__a Hematite (Fe 2 0 3 ) j 
-j^_Ij4jj__1 Ua t _ > - a ,«u- 1 < J> . r \iuii J ,-,i JJ .ti a ^i;.^ 

-*L__^j<^^L__j ,4j ljln',ll jljil J__a __Jju JrtU .4_jJ_»JI 4 ntitl 
4jjj_JI ;j;~-^ j_ J-LgJI ^jl_>JI I j_b . U . „jj . _il-»-'iLI 3_>j_».j 

_Uj_j .CdTe jljjjLj ^jKJI Jla ___>L__jil „L__! _IjS>_U> 
5-.»~- ...ti 4jjjLII jljil 4_j_ __I J( __ GaAs f*>J_JI cjL_Lp_jL_. 
L_>L>JI 4_L__ (>j 4_j_jJI ^jipSLJ^I 3j___ 4 _J_'lj__lj_Vl 4_L__(_9 
Jjj_o>__j_<3j__aJ.I L^Ujl_-__J __JI 4_L_)/L lju-,4j ...n.UI 
.(__>JI J_-b Drug Delivery 
.Nobel Metals "j_»JI __1j\l_!l j____L_J 4jjjLJI _jIm,-sII 4_> jj_j 
.Nanoparticles 4jm,-»JI 4jjiLJI _1jil ^l(j_ ____jJI j\i_ <_>--- -I __l_j 

,',a l-r" __l Jl_j .<« — u_>JI *L___l 1 ,j,r»"i ^-lll 4jjL_j ,„11 j»ljj-'l (JL3j3 

DNA eJj>JI _.;-. -L>J1 J___-_>L_ jjj_>_ ___ iujjLJI ... _.jJI ol m,- 
_;jj_I ^i^LsJI J_._yL_ jjj_>_ __a _JJ__j ,_>_>jJ.L> 4J_ijjJ.I Sequences 

l_j__ L_.jK~.--l __II 4_>L_>yL lj__ . jL__VI («-—>■ jjj— j (j-JI -jI l_j3jj__J 

S_^»--l i-Lj_L 3j ,..L__I _ljil (jj_j j. L^UJj Sjjh-II (j-lj-iJI _v« 

.4_)jj|j - . * 1 1 4_JL_ 4__-jJj_JI .-j j . - .1 1 
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SSUj-LJl -Ij-Ijjjw l_U 

.4 iil*VU jjLJI j| jj. "La.liTUI — jl *mU,*il1 LoLc L-.lj«*inil Luj->.l _)l Julj 

3.u«,U "_jl*_U 4Jji^j *.<1I I ju* _>- _Jl_JI .-jLJI ,___ IjlJ _,l J—j-j 

L-Lp. (___ >LJI I ^>.«Jji<*1 «JjljJI j 4jJLsjJI ujI Sj itn*ll _i^i«.i <«JJ "uj 

__L_ij_'l _j«->- (__ L»j1_ J-j-J Jlj__ ij-*- L_« i.ijVi _J -jl C-jIj ■ 4j«l«1l 
■ («Jj-JI CSjLiJI ,yL« (>_b I — 4_j .(___J1 JL*JU I ju* 4 i ^ i ^y . U j__ j_. 

,__cfj_y_ljLi1^_^j ,__-(__ Jj.4^L>_cI cjl rtj i Ul j-jl -<■' ■ ; -!>- L_il 

IjJljLoj <_lj U <»j__j tb)j_JI tLsic LU Ljit — l_j 4jjJ__ __jIjjj _)n nit 

1j>__ L__9 j__u i__j__ 4_l _jjl _; jJI J__>l j_J.I __1__J,I jl^>JI I j_- _ijJ _jj 

.Jj___jjj 


4_«.jV 4jKJI 4_-L__U - Lo (c-ojJ Surface Area --U,..ll 5__| ___ 

_v_. 4j>iI_JI jl j 1 1 Lgj j * q_j 4__ l_ _l_- («_-l — 4j_*jL>JI p ... »-ll ~_____ul 
<4j__>L>JI .ju» 4jjj3 _;jjl («^U jjjjl _Jljj)fj .4jJj1__II jljll __« L_jj_, 

_J_J1 <_ , . <U ^ — s_». ,_jl__ (OJ (jjjj <«_*_» I — J< _;jl — i_u __4_w 4 — c*vL<_>i 
_jIjj^>**J.^J_JI jjuJI _l 1 >j___Jj.(«l»2- 5 J___J1 ^^.^jL-j 
(__. Iju.<*-jj 4086 >-._■«< 1,1 Iju* J£_u- J_-l_ L^1>« J-_«_(_-JI -jL_U 

Ijud 4j_«.jL>J1 4'inll -Ja (___ 5_>>>U -jljjJJ _J_JI JJuJI _)t _n_- 

.(.«i», 2-5 J___JI)3jj 1352>*c___UI 

__j__ j-Jj-JJ _-_=--( _$J1 4_>->11 "_vl __o (jl_ <__L__lj__i'_1 aju* jU_l (__ 

_;jl <__> 4J ,_>.jL>JI _J_ _JJ 4jJ_JI 4_-l _JI _,jS_ («i (jjij « 2 _y_» _>><_ 

_]J<" ■ -■ «\j_- 6» 4_-L__9 ,___ Sjj-wjJtl CjljjJI JJLC (jl (_-«J I JL_ .«~_y- 6» 

■ ■ ♦< 1 n (_>.j_>JI ~ u...ii 4_wL__« _nj 4j __JI _)><j _J_JIjj .3jj 1352 

JjT-'i'i1j..( = — _ » _;jl — ___ij — i_-4_JL>JI oj — -_--4 a-y-(j_jjj 
u- 3 _- 

J< _JI) jj«__.f _jLu_Ls (_)Uj _JI 4_jjj*_j L__a ji_ i. .<<U 1 jj- _il (j- 1 ! 
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<_J>_*_1I -j__ (j_. -_L_I JjJ jJI i h^U ^uo _J Jl>_ l__j__S (<cl_i» 2-5 
Lji.n. (jj ..jii, l_jL_S_I ^jht-I (_-JS_l i*-*->-l (j^ (jr^Wj '"^ / ^U-"" >* 

•( 3 _>- = -~" x8) j-jj-j l£I ujj l>» <_--->^" i .i t^U ,<_*-- 

Ji-I Jli -jjv*-jJ.I __ljj_J -I JJjJI >jj-J (jl- i__3j>JI _— _-j 

tj^jJLI _, — uiojjJI i_iaSUI (j_ l^l__9j L^_ijj>o i~i <i" ^ylll i-_uL»_JI __L»_UI 
1. ,„„j iJU».)!l <uj__L ahnw. J__ <(« T» 2-5) J____l 

,___jjjJI l___JLI 4jj_>_ (j^ jL i J • (— I > — >- ° <Lj-»J (jr— 1 4-4——" -jj 4086) 
(jjjjj <L__j _ _, n , ji( ) 1 l JS> i_JI L$J Sj jt lr-> £___ <_-jL»J <_-JI - j-_i I 1 1< I I - 

i«_jj\j>_ Jju LH^Il 5 j->.jL>JI -J_ _Vl <_-l __a ___ _j_jj£-_Ljj • 

jl jJLcu («-=_>Jlj ~ U , „11 <L_-L__ a (ju <U__JI <L«j_ ' 1 ■ Wl (j_ j— — uj I j_fc_ 

.«, ___ , ____. (j! j_j « ^ 48 - = 2 ^ x 8 » .-_. ___ (_jL_ 


(') 


jJLJ ^__« _____ __!_ U jla (>. _____ ( I) iJ^ii^ -(2 - 5) JS^3\ 

«ji 1352 l^j> <<__ 4086 __!_. 1 , i<u i_i j^—^.^ X X _>. -j__ j1 u ,. j _.i n » 

4' miLUI — L__ll J___II £_<3)jj .<Ua.jl_JI r, nill 4>li .„1 <->•_! __1_ __>- jj 

<-__ I 1*++*- j_Lj i^L_-_- e lj>l 4__U5 (i) y_a ,--_*-jJ' -r-iil <^j>J u-* 
l<J-xUnii <Lvjji <^>«j>w« <Uj_ ^J) <U_Jm_»_) Lg_£J 1(^)4 ,,irt"t_-_-L-VI u_UI (— >w>- 
jJLJI _4_UI -jIj-J __1_JI -a_JI (j_ a,- 2388 Lfel_ _a.jp ,L$j>-j 48 jJLJI <U*-jL>JI 

■ L**-j 384 j-LmJ m-« 11 4 j->-jL>ji ,„vi <_>jl (_>*>«- -^!><jj ' j—» .«j^ 4086 
jj_>_i (jwaj) •(->•) 64 i—H _, nij'ijji ___ii 4jjj>o __j _i_ijj) ,5jj 3586 1 (;'-~-- 

j^^_c_U_Sj,4jJ_>_JI j_jjj J Tl _» T __J.Li_ljjjJ_ T __l jj_Jt(^a_L-_4 

Jl . it^l.l jjJu_j (j-_ <Uv>._JI _lj ji"1,l jl ,'ij^. K1I 4__>_- jlj__- 

II *»JVI S.M-1-JI -b-JI -J- y_- 

ji<_wL_;i 
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<-ri»j_il «1)11 Uli 

^k^^l^Sj^^lciljilJy^KJI ___JI jljL_^4_^,__i3^S_U,« 
.5jj 2388 -■ (L^j 48) 4_»_L_I 2U,U_JI __U__il 4__>./- ^jUJI 
lTjLjj»SLLLi 3_j -wjII __ljj_J (____ll _j iJI £><_-_« jjijj p I _n_- <___ I j _ 

(jj__ («J __«J . 0 l,,->Vl ■_.»?v.U -_-j->- Jj-- 4 J--- 4 j"'U"ill 

yJSLll jjl-JI _JI _.L_S___ ^jL-JI £-*-«- 1 _J_. __ljjJI _jl_. o_J 4. ,,,;1l 

%33 = 100 X __- ____,U__ j___ a__U_JI ___.il l_Ij__jj __ljj_JJ 

4086 -y-.ec 
_____,__« ^i_j__j^4_ljj__^ L __lj__ Jl %58 = 100X 4^| t __J! 

4(J8o 

.Sr^-JI 4_jjU_1I __L___JJ i^jLiJI -J____l ,___. 3_LU __ljj ^UJ) 

4_jjU_ __ll 4_tiU_JI __L__J.I _-_>- e____o J_J 4jj_-_JI jl j__} _J j_ij • 

J_L_JI) j < mll __3 L_bL__a I n*C o 64 __Lc. Jmi-i i__j l_ ijJL__t CjLn-La 

|ju_j -(4_».ji X 6 I ,.<- 64) L_^.j 384 ,j 1_. ^>__*3 .(«1» 2-5 

j-L-J U>a <-J___'-l 4__l _J. 4-JU*._'l 2Ui_JI i nfL_j __JI _~_jJ <_-JL"JL 

_ Jl$J 4jj>.jL_-JI -J_ — _, Vl ___=. 3_LU _-« 5juj_». __ljj jj^Li ____U__ _>___ 

jiu; __JjL. ^j .sjj 3586 ,___ji u_j__ j__u <__ 3jl.j_.ji __L___u 
_jUi ■ Ji.l_ *_>>_II -jljjJJ <__1_JI (-JU^VI _j__JI __« %88 j__j 
.(3jj 4086 )__L__LU 



M (i) 


4__JI _JLe _j_j__JVl ___JI t j^S__ A> _jil a!__iIjj Aj; j^_j ;(3 - 5) J___tl 

■ lj_— t^jlj 35 JJ>— _— *-» (i) — oaJL ljI i i i,>_lj___i _a —j" - ,ji — _*s$j JC ,7,t j ^ ^ l~ — . * 
( v ) iljjjl -J__ ,__i_lj_„^__ 5 ^_o 4_m__I -__, jiJ U_^j 
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*-UIL*»l»_U 

4_ul _JI 3j___ll __3 3jjljJI i__-_-,l jj«.rVi ^jjJU 3j_Lfl j-J j i.l_Jj 

jj--> _h» (j^jjj__> _-u-JJ _J_JI (3 - 5) JS! — _JI _JJ jJaij _»__>. I4J jL___ji__i 

"^jjljol n i^JloLijj^^^'ij«t"iljdl^l^^^SLI)/l j_)Li!l._)j___.jj_>LiJ.I 

4jU«« __jj__ <~i Vi 4ujL_m_J1 JjjJ-JI ^l.tV"iiiib L>-ejji^i-»o j«j 4___aJI jl_J 

J__u ^l 4____!l -jLoj_- _>i («< '» 3-5) J_-___!l ___w>Lj . (3) 4 

. IjiajjL 35 j__j L_jU__l <Umij-_ j-Lj Cjl j hi. j __c _>~ Ji)! __tl L_jl JX.i 

J_— La. .<_jl JJJ~»JI L^J 3jj»jll 3jj ir*>ll 4 iiUia 4--I <h«) 4j-»-U,„ 4_-L__a J--SJ 
j_«_> jjjj (-jlj_~jjL 4.1) L$__.j_- __9 (<_jlji«jjL 3.7) 3jjj__JI Jjls <_jj — l_> 
^jLa^-lc. Jjjj La L^ .__u4_-l <_Jtl Jj_sj (j__>- (___ I jjfc. L«jj_« IjjjajjL 9481 

j_> L_C .<_jljUJSjjL 5 (_-_- 1 AjlUttt.U VI j',<t ,4 jUH ja- ,j 

Ju_JI lju.__!j 4ujjull 4jjjL_JI CjlMi^lloVj.(( IS J)i3- 5) J-.-JI^-c-u-jj» 
____ 3j j 30 _ys .— ij-L) La __L_ _Jj-->>_ lOlj-LajjL 5 4__L_i JjJ_ JulL V mJ jJI 

_jljj,jj»3jj 3000^ j__1 (jLi JjAll ^jU'ni'ii-ilj-i L_L_ i"u*.jL>JI I^tUmiI 

i ;>-,l<*t l | jjt • -j ■■■__ ! " j '* ""^ 3 .— -U . „1 1 2-^ 1 ,„t l .>___, ^__a , i -_y, 4____J| j__ 

(__fl lj_J>JJ i4JoL_ja 4~ijlrLfl 3j _. __fl 4jjiIjJ 3jLj j iriitll _jljj (jja mJjJUlJI 

LaL-i . 3juJ_». Jji-t ,j->lji. i_JJ ju j^JauJ 4- C . j')Kjl lj 4_uL_>j_L_ll 4__>lji. 

.3j-u£Jl4_l mi> L£jJuj l __II "u.ljln-lloliiinlljtj-^ljiOI-JJJ^jg. 
-tJ___Vl ,___- ujIj jJI Jj_-J 4j — __ jl _JJ iJjj».! 4j'i-»- i -tjLijjj Mi'j Iju» 
.— jIj_xojL 3 _JJ I j . ..jjl ~mm-.j ; .^.^',11 AjjjLill JljJL>J| j_9- 1)1 n i-sl4-ia.jL>JI 

. (4) -jI.j.^IL S_j_-ji.l oljjJJ <__JSJI jj_JI ^L-»-! _va %50 j-t-t-Jl J-_u_i 

j.mI'11 3ju^-jLjjj>JI 4JL>- L _9 JoJi- %5 3 ; ..,".tl ^jut jjL*_" V(jy»- L _9 I ±A 
. lj_»jjL 30 jjej L_jLL-fll ^j-ujLiLa jijj t-lllj . Ijniiii 3jU,l j^a 

Surface »U ... ,___; 3jIII -jljj jjs.j _ru 4js5LJI (1 - o) J___JI (j_ujj 

jlia-V4nl'iVa_ ) ,,jjl'a Jl-C Jj Jl>J I jlfl ujI njt. Bulk AtOITlS i__Jj . AtOiTlS 

d_,L«JI 4jjj__II -_____, ji «_jU'i,ii j__jjJll JSLjJI _v»j . Particle Size i-jLj^JI 

^Lia ___flL_ j-a 4jl _Jj jj ,V, j .4_>_JI _j|jui_ll _i_ _ru J_jjj (___II 

^ .-jIiji^H 4,o.jUJI -U ,,.Vl SjUI cjljj jl j_.i jljjj ._jLx_>JI jU__! 

_i_ - L_J - l__L_J 3jj3.jil CjljjJI jljL_.i 4-i_ (j^lm (jjJI (j__»JI 


74 


<lri_*jUtll_*l <-!>•* 


1 B ° - 
,i 

\ a 


3, 
1). 

\ r 








V 




(jjjtjiLi) A m;-i1I ,«j« 

1 " *° " 


Surface Atoms «gihi-nI «u^LiJi 7a»_u,vi ,_ic 
^LtiAi^ujiLdiiLu^yULujc ,7,ii l >.j.( y aavi j_>»j.i Particle Size)oi ,_.-»ii 

Bulk Atoms 01,,,-sii LjljjJI jjA-ji, ,1,'ijLjl m ,-».11 jUji (jjjjLia jjj JajjJ 
^yLc jjjj»JI ljI/j Jjj.j«l, jbjjilil ,_, ,->.1ljLla5i jbui _jrnflr,"i )tj» 4ji ,<S~j,*, j ■»■ 
3jj Jj». (Jj->>i lj! nir-» 4-JI * ■ • (jjjUI IjLgJ "lajjj»JJ ljI riir-rtl _jj» ■ ■ — - Lo^o _cja_JI 

(4) 

JjJ ^jt «ua J j_v>- j)j> __£j |«J 

2UjjLitl jl^il _j-»l>>. 

CjljjJI jIjlc! i kcl ( ajSj 1 j — U...T ~t_-».| jjus 3jLj ^ 4jjjLi!l jljll 

*jj>JI IjjJs ^ *j)_—JI ,__Iij (_3j_g mitII «Ljl>.jL>JI jJo uj Vl l_Jj <__j£. 

L-.U i,m L_jlj_<ij1 __»*■ I__HjJ 4jjjLl1I jljjjJJ iijjitjl ^ljpJI (jjs illal ^JjC. 

•lJU3 _jjs ^jjjjus _j_j (J JL_t>.j 

\»SLuLSLJ,t ^lj^JI- 

_^J _^1jJI jlj_il jLu! _j_jjLi* j ji.n-. ol i*— ^ -l>— ' 

Uj\jj,jj SjUI _j_-L> JS ^ ljL^j^L. jjJj jLuVI 4jjjLj CjI mi^ jjI 

(__3Gj .4 LOijj (__J>L_UaJ_JI LjJjijjJI L_J y-ill SjJiLUI jljJ.1 _jj» l_.~ilj"lO (j— t 
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* 'j-i" _JJ u_<1ji*JI __J 4_jl_ u_Ij ,__ 3jL_J 4j_jj_Li1 ,j_.1j kJI 

lflfln.nl <-l— ■ SjLil _ljj (j_ 4 ,o-*r i X jl JLcl Jj*-JJ — jl JJJ">J1 ^La_>.l jjl_> 

jI j_iJ Hardness Sj}__JI p ^ £_ j3 . Jlill Jj. ... ___ . 4-p.jL»JI 
-iljL^i 4^-IjI (6) Strength La_ajL_> jjjj __j_j I^Mj ■ ■_ 4jj__l 

Cilni-w _..jjl3.a Jji"-»"' J^— *■ <j_ —iljj .lfljl<* 4j_IjJI drth^U Jl — aj_Vl 


(7) 


L$jlji Cr^ (— >— =^lj 3jUJ 


Lgjl i__1 _JI 4 j^jalj^ _JI jljJLI — >l n i> (j_-_L_a j j « iJIJjJJ 

jlj_ __> j. >jj V 4___ _ _j Toughness 4_j_L1 _ a Ij_jj_> 

Jj< m.'.H La-ajLiaj ^ 9) Brittleness l a Vtli^aj i_jjj_;l '-L-aljj ,„tl 
jjjl- _JI 2L„I jJI _.__*_&! jjLu _ij^_i j__j / 10) Deformation 

i_1jl^_v.l J_»_j Jj___I 1^'jl il_j Lg__4 ,»j_ £_JJ 4j^jaljj,,ill jljJLl 

l^i.irt'.! jjb __■ jl jll __ __« 3 jj j_>. gJ jj i (jjli _ _JJ .Impact j. J__l 

l^___ _J_ Sj}L_ .Jj_ __Lt 4_jLL_Jlj 4_JL_1 4j_U 4__> _ru J__J>JI 

jj__J|j 4_j^-j_JI i_IjI $-^}_ L^_sjL_a ;>_ Jjlj 4 — _L_l 3j}__ILi 

— jI jj i-»- (*^>- J J « 1 J>— -■ (j_ 4JST _U j _-J— ■ J-J • 4jJL_l 1^«ij<> j»l at 

. (11) _j|j_*jiU 10 <jjj La_JJ SjLLI 
_j__JI j-Lal 4_j_lj__a _J_ <-iLJI l_j-t_j _L_jVl __ ____> J_j 

4_jj_3 CjVLs_a __£) ___ jjj jit_ _J __£i -LjjLJI jl jJLI (j_ 3 J JJ->J1 

4j_Llj3j>l uaJI 4__l_ ja.-kJI CjljjjjSjl >J1 £_-->1j-_JI Jl =_a J ~.a 

_iij j-J-~J — - 3 _Jj_ ..jLllj Jjj_JI jLiT jj_v J_*_ ^,- a-ajieJ — _il 

. JTOJI j ?ju_JI J_l j_J 4_3 j_il ...VI a_J__ JL~_ .-.l .j.^tl 
i . Jiiii Ja^_, 
_j(>( 13 )(jW_JI 

(j>lL_a (jjl Jj__jJI (> __ j_j .3j>L_JI 3jjjL_ j»l u_wVl jt_jUrt'l (> 

jji__> i«_a JyaL_JI Jj< >. (jx 4j_jj>JI e\ jlj — jlj j-r tj _o — _JI jj 

3jLa f ljy, ,„l (j_ Vjj __jj .3j>L__I 4JL_ a^jJj^JI _jl__J_JI 

»— * <j-»lj->- (j— 4__lji- (j XnVn m; J — Jlj .(j__l f--Jj_ JJ — <_j_Lll 

.SjjjoJI 4jjj_JI jIjJLI 
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_1 j m-_ Jla .4-j_J.1j S_}L__J1 4j__jj-a (j_M 4jjjLJI _1 .yaJ-JI J->J 

i- 1 1 a ,g ~ L_L_^j_ _*_»_- j»jjj_j5ajjjl Li ■ -S*?j »jj ■■«jl^l Ju i__>? 3_La 

_L>.? __j_-Jtl _LljU ,„«. jJI ...VI . t> . n U>j_ 

?Ju__JL J__J1 ,j— « Lj~jL-JJ 0_»j_kJLI _J_ u Ca\ j__tfl j__-ll ~_L_jj 

«LjloJI L^jLj_La (j_ aj_t 4-_r_i*M Jjji __JI *__>? __i- 4J (J_>jjuj j II 

Lg_a JL_u _--Jlj 3jlj_>JI 4___jjJ,l (j-La-M (_y3 4-__L>. '_>--»J lflih»j 

Lp_>L_£<____L_i_l <__J} IjjojudJjj ,Lg_L_- jujjjJI ^ya <u.t Vm.iII — jjUI 

4<ilr Vl __ j-LiV"...l mJj? -_3j . J_j» mmII _jjs 3 mmiII _ijjj_l __J , 1 if. 
4___jL_Kilj<__l_j_>J,1 _LIj_ _v? __*-!? ,j__L_LLa jj__ (__JI 4 _i">1jJI 

_l£j--JI S^LA- 4j__ o.lj e, jJI j-a _>1 <-_A_o _M LjoUjIj L$JK ,t,t _>_ 

— _ij Li_- 1 JUjjjJIj p j — . 1 1 Cjjjjj jjjijJI 1-J3A g~ 1 11I __*-]__« _____lj 
. jl j__-_'l j»_lj_- 4_u_- ____ (j_>L___il 4_c 
4__cl_ jl jjs 4j-L_>l (__, — II — IjL — -J1 ^Ljl _J_ij _- jjs _>—-»-> J-_— ij 

__Jj ,_ljL_Jj_11 _JJj_J ,4__j__J1 Jli___£U 4jjjLJI _Ljx»JI _j_- 4__L_S 

..-.Ijlj.-ll . __j J£L_»j j-l -J "-_■! ____ 4_.JLa-~.iiLI 4jjJ_JI i_JjL _J1 

__l jj>JI j_- 4_>JL_JI i_1 a — aJl J_>-i ,_;___ L$jj__- ji-j (J-SJJ-J — I jj 

. 4 Ir. 1 nj— 1. 1 j 4 <t_in_J 1 4jjjjJL I 

£_a — -aJL) (___ aJI 4jji_Jl jjLJI _l jjj_- (jja 4_JjJ.I 4_______M Jj _jj 

4 1,1 4j l_jjjJI j_uL_II J_-l <4jST-l«Ijj _. _lj-a _jj- _Tj_-l -jI — j-ij_- 

,_$j_-_M __uL____J1 _l j-jJIj _j1j_L_JI ,-1 __>-l <c___> ___ 4___>jI1 

L^KL-s ^L__>-l tjo jj_ 4___j_j Igjlr 4j__1 jJI --bL^yi 2j__L_> (^L-jj 

(j^a JJJ-JI ^jiljJ ..m^jJI i_.ji.JI (j-i MjjJI _____JI j (jj_jJJ 4_v>.jL_»JI 
(__jl_JI i rtiniJI JM >- J_>j_—La J_! i_j k-j—ijjl — jIjjUo («__— >o _JjIj_- 

(^JI 4___>U -JjSUI 4_JjjLJI CjLjWI J*J-jj .(j__j_____JI (jj-JI Lj— - 

^jj _i (__;( _l.l~ial ^-LttJ 4jjL_— -Jl — jL-jJI (_J-»L J> — -La i_l L«j 

~La~vl _. (_— __ — — — — aeJ La-a . Lj_— -jj I fra JLaj l__5jj i__>JI u \c. ^oj 

--jIj_j i_j __j (__JI 4_l__Ij___ , 1 L-jL_C.I (jja Ji__>JJ i_lj___L__J1 4j__aj 

4jjjLUI _1jJI 5jj_ ^L-_jl iJ\ 5jL__VI jj_>J .%300j %200 _ru. 
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*-U*Ly>».»__9 

(____.Lj __>__ *** , ->L 4_uL-___JI l_jL_>j_U |»l l__>.-j *_*jj — Jl jl___«l l____j ___» 

JjJlssJI J-J__. (_--- 3j_u_> SjLj rij L«_4 i l_$j| ;];•>. jl «jl (j—^uLLa jjl__ 

3jJ_JI <<■ < <i---JI _-3 4_a__.jj £j_«_JI jl JlL-I .1 inj _-l3jj ,»J-2j (_,jJI ^».11 
100 _JJ La _JI L*j_i_-.j CjI jj j-»JI jL-ut (J__-3--j £_« 4jl _*t . 4u_>j-«JJ 
4jjj i-sll L_.JjJl-~ jl JlcJ jljj__j (ttli _-«j Lkjl JLC.I jljju <j — j-ajjL 
>~il— Jl J_u___JI __3 _>-_JjL_j ,«_ (jl (j .' 1 " — ' lO""*"^ ' tl^ .' J .' "J-* J ' *" **"' 

.^IjSJI !__»,>. 

^L-L«->__I.LaLiiJl 

jjlc Jj^>-jj 4jjpLi!l luI ijj-sll ~ U ■ ■■' <j>-\ Liut (_j3 3jji<II SjLjJI juu 

t«jJ*Vl J-aLJI Luk <4_i*.jL>JI Ij-rt-i uA 4_».jj _-l-_ 3jU,l CjIjJ __a fs ___. 

L__l j lij«i^ij I — «^ ,4_-jjL-JI jl j_JJ __jL«j-_I JoI — ___JI 3jLj ^ j__-jjJtlj 
<u_-lj«j<ll ujlnjjl-i'ilLi L^al, i-V~i inl (___. ljj^j-I -jlj— II -—-L- ___!j <____=. 
■ -■';j;^ __« 4__j_,l Nanocatalysts JLjjLJI olj <_>J.I jl*_ _«_>\4_Ji-_ll 

100 4jl_-ljJI .j;^ jl Uat _________ ^.Hn V __Jlj i3 ajjuJI 4_j_3 

. IjL-ujl -_*>j-<_>1j jljj.1 (jA 4__aJI tfjujj "_,' : ,U-.1I 3JlaVl ,<utl J_>.| <j_LajjL 

J__« _.jL__JI j 4_«| <_JI CjljLJI £« 3j— J 4jjjLJI '**'|j uLuj> J__La__ij 

Jjj-jJI Jj-"- i>c. 4-»_L-JI 3__Qie.ll (j_L>.jj_j_II Juu_jI_]j _jjj__JI Ju___! Jjl 
miju La_« <Cjljj_,lj L_ljL__Jlj 3_ujuj_J| Cj"_fj_>J,l (___3 *lj__g (_5jj_.--.VI 
CjLSjJI «Jl^j _ujjJI _JjJ_tl (j_a JLS-Jl (___J (___uj jJIj ( «_>. , l jjjjl _*jjj _ _ 

3_ja__I j____Vl ■ 'j.u-.il Fuel Cells jj__.jJI L_j}_- j _.j 
Nobel Metals ajjJI __ljJ_JI cjLu^ __« 4_.j___.l 4jjjLJI ,-.i j a — u 
u__lj_j| J ,'-, ...il Jjjj . <l__ j_,_*_a j Pt __-3!A-JI ji_) Jla ,Nanoparticles 

3_jjjL CjI jjj-». |-l ji_i__l (j— — >) (j— . 3j_i_a 4jal<r CjL-ll mm^I LJ J«-itj i_3j___ 
I i i< « j La_a i4£_Lluij (jujLjJI j__t -Lcj.a-»-a ,j_a 4_aJ_vj J_3? 3_jj-_. ■ '■*■■ ; ■ ■■ (j_a 
j_— ) i_ jl_JI — -__u 4jjI i,V<«J 4__jj__-j Jj_!jJI L^_- L->-jJj___ j- 1 i.l V" uil (j-o 

.3jljjl_>JI 4_iL-_JI jjL___« f<u->l Jl3 -t_C L^ajajljj I *.jl r.r.W 
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1 _i «t j j tr-i~i L>. jjAJ i U ii i 1 1 J_j->_ (_-— 5-a.tV~i i ull 4jjjL_J1 i--ilj_i_>J.I JL*J l_a_ 
( _i_Jl__j ^L-UjI _ o |«— jJI _J— • «4jjj_JI _j I j__L>J I __a 2_l_JI . < M", t I -_ 

c-jljiar l_ ilU" (___JI 4 ht .Ml oL-iSLILij (__-c.LL.--JI . .. l> (_____ L$».L-jl 

i_-iljjjl (j-a p^ . ^l l f_HI Ij.&oj.^jO^-J^^'^-'^^ 1 ^^-^-- 3 

lfl"ijlf La __a J— -jjj 4jjj_JI i__ilj_L~JI CjI JJJ--J 4^jL>JI -Ja __ _ I ______ 

(_--) 4_l>.jI_>JI L^jl iii-». ^___ — __Li l_!jI __j LgjJ -_i> 1(__jL_mS_II L__j_i__-uj 

4_ukL_UI ol.ii~.ll dll. _i ___JI 4_jL__>V_j Ijut.^L-uj-yll _l>Li1*-JI ,'l 1" 

j-l lT-"inl JL-C 4jI (_yi»J 1 j-Aj 1 1 J_v. 4_Jl__ — ■ U i ii I 4_>-l i ujhj jt"i <i""i j ■ i r-i 1 1 ^ys 
j-u-Cj (-1—1 1 ,"i_lf La (jj— J l_jI mj~.II 4jjjLj v_jljii~.il jj_a 4 ij ■ a 4_ujj 4___s 
lL)1 jjj~- (j-a i__jjl,l 4 i ii a i (-.Ijoj^ll j ii ~. I, I £j_J 4_ujjJI lfl ..i.ii 4jj_JI (j_a 

. f l_*__._l Sj-i^ 

3u_)UjU-_TI (j-sljitJt • 

__-jjL-La _ll — _j| jjt i^" i 3jUI jL_g_-_ul «jIjj- — jI — ».j_l (»j_J j — jLjj 

__.___. Jj-sj __-, — _-Il 5jlj~JI 4_>.jj (jLa « JL___J.I J-u — __ _-L_-3 . L$_l_i_Li-- 
4JUJI <__J1 Solid State 3 A, n ]\ 4JUJI __a <.. -J-H jJ* Jj-=~3 
« Melting Point - jl_i,Vi_l 4UiVi («___Lj __3jj__ Liquid State __U>L-_J1 

j_u__J J-_ i(j- I 4 _--ij _>Lj _jjJI Jlj -Jlj .4jjla 4~-jJ 1064 (_, * 

(j-_ 4_«_>.L_J1 ,_- 4>jJI j_3 oljj l-_jjjjj <>l __>jl jj»"i J-_> 4 oj"11 «>j -> 

-ijjj S4_l>jL>JI 4_— -U 1 11 1 4-vl 1 n o 3-iLjjj 4j1 jjj~- jL-jl (jj-jjL-La j JJ* ' -~ 
4_}L_JI £___.jj L___p. , Jlj_JI I i» __<_ Sj____Llo 4jL_J (5 - 5) J___-__J1 
jLJ__3l _L«jl (j-ljiiaj _____ jjl jj_ jl _ 1^-1 il 4 U"i 1 (ji_i — — JJJ (_j_JI 4jJj___JI 
L___>jJI jl_ j_4____jl JoL-u 4_a_i_S _)L_> ,J-v uJLi — __-_j_a jjt l_o_ij . 4jI u.i~. 
(j____L__j _j -~ a ^ «jj L> «4jL_j-l>. jl UaI jL-jI (j-__ul___a i___jA_t_-.Lj ' I" -*" 
4jj1o "_~.jj 500 j-ti __JI J--a_J 1 L-bj__La l____aL_j — jLjjjJI , MTi jl Uat 

«^ j__ajj_j 1.35 j__j (_!l 4>jJI l-jI ij 1- jLL___l _>_,LL__a ^-Jj-i J Lc. 

(_3 4«il"iVll jl_I__3_l c_jlj i____>jJ1 CjI ijj - mJj 1 ^ uu __a (<-C.jJI _-_c I ju* 
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Lil i >i'n 4^^L»JI «juk ^jjaj .t__ilj) (j^s L-jli-j (^yjljAj^tl <_-j_j_JI 

_j "j_'l ">« j j « ■ — * JM->. (jja SjLLI tllj>iu/j) (j-sl j>i- (___■ j-ut-JI (jLSLo \VL <■_■! 

L$ — 4j — l_jjjJI "jLLI jja jljva "ju_ Jjl Vi (_yJI i^jJj Uj» >l— gj Lj . jj-« . 

Lfl>Ll>.l i_jL_--Jlj(j_slj) — kJI (___■ ^j-i-^l (ji_ l — ^ J£i_J-Jlie"<-, j-fcj 

(j-aj) <"jL*lJ 4jj>-j>Jj>J&jJI oLajJajJI "_»iij __il ,__JI (JjJj I jut.j3 . Ij^iS' 

L^j>Jj)i_kj ,_,_» J-JJ-a j>_- LjJjJI i_Jj-»-I j-_->L-_. j)t -lj)-s _gl <2_-L__>l (jj)j 

"j ...j^ jj| SjLil __J*J j-_-f jl --L- _J_L__j -'■■j^ i_,|--,tl jlj>_J,| (Jjlit: 
. Lgj ,_j_-1 j>i- j)1 ^ 'j« » i__L_j_- j jj«"i! 
(j^l ■*' J--a -.-LLI jl fl ■-^'■1 . t-"l'i pj« (j^al ~ '■_■■■■ <-Lj_L_JI sL»l_. Jj-iJj) 
4jj>-jL>JI i nl L-.L--I ina (__lc. "ujLLaJI SjLjJI __JJ Ljjl h j~- (JjjjjLLs 

. 4j1c __jl_>' L«_- i— u*> jJI jJj3 Cjljj i_jjjjjj) «__->lj)-a <___■>__>. Ij) 


1100 
100O 

90O 

800- 

i 7 °°: 

3 600- 
3 50O 
3 400- 
300- 
20Ch 
100- 

o4- i ■ i ■ i ■ , . i 

0123456789 10 11 

(j~J «J)-lj) «JJjJhJI j-i— 3 ' i-t i r-1 "» 


jlgi<Vil "il-iiii -jljJ- 4-wjj p>-t-i (ju JajjJ^lII 4ijUJI J_-__l J-.«j : (5-5) JSLiJI 

.(^___vi j^i)o_ e ^i-___jj____s. k _.i____ij(^ 

Ol.j;^ -jIjj £_L_->ji y-a ---c_>UJI 0! J>"J. f_jV-" J----JL> i__ai __.!>UJI ._-_> (j_4j 
_ti 4jLl_-_kJ 4-j»jL>JI - * — v ' ^,1- LjljjJI _•_>__ 'j-^jt -i_;Lt-»- _>_■; |»»LUI -___jjl 

(4 ') ' 

■*' j' - - ~j'j — "■ «-j » "■ -j* 1 j J -J ~Jj 'Ijj j Atl _j I j T 1 ^ ,A 
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ifi itl (j^oljptJI • 

Lgj jjo" ^yjjl 4__£j.l (j_il j_JI ^ 4_>j i (jj in Ls (__t| 4_L_>VL> 

t Lj_jJlj (j__-_LJI f.U__l __Lc jljil _<i_ _jjj___J j__ .4jjj_J1 jljil 

(_,—!! 4_jj , ii II jj_ (j^-lj—JI (-11 lj— — l— — _j_jLjj ir-i ill JL^(___(j-___JI 
(j_s L_jjL_j (jc uajJ I Lg__ 1 ji». (^ ■ __-— j i'<j->. , J I ji I , ' II" I J^~ i" 
^<s_k_». jjjLj jIj_— I il»iiti \ II jj— J _h°J •CjIh; -> JI Qj j & 4jjul_jjl jljil 

,Optical Properties 5jI «JJ 4jj__JI _,_! j_JI jjj_3 __]] _jI jjj-»J1 

■ 5_lil -U,„1 Light Scattering ^_jjj_JI j, ,„S,~1I ji .-.r.,':,".!! U__j 
jjjj (j-jJI <__— J1 i-.ajJI oLjjj»J _3jj_il ijjill _iLa .JLJJ Jjjm u \*'°i 

(jSU .4_jj_ MjjJI j_j_._I (jJ-*jJI _)J-" j_«jjL 200 __lc L-jl-L-l 

_jS_ L$jL_ . Ij__jj_ 20 (jjs ,J_aT __ll _jI m ,-»JI » j-_ jj- j_j I a IjJ 

Cil jj i-»JI j _ U"i CjI jjjt.ll j jti^i"i SjLjj _J»J .(4_)L_ _j) _!_"—'' 4.aJ_LC 

(cjjII _l_j __]jj . j___-_1 <_ _J__jJI _JI j_____I ,___ 4<il~ __ _,1jJl 

_Jc i___ jJI — il jjj-»- ^Lsc_>.i j j t m"i (j .X t i jj . L_jLL_)l jL*-il _>_ jj_Lo 

__iL_jjI (j\j I <jt n^- j (jjj i^ill jj , n^"tl 4_ajL_i _jLjj_JI _l_j 3jJ 3 

_ i.ilj 5jlr, inl i njl-ij Sharp Emission Band ^jJLI jjj ^ u ^jU 
.Broad Excitation ^jjl 

" j~j,U-,ll _j_L»J.I ^ojti J__i __L)j___Jlj cjLjjjjj-jyi JLs_a J— Jj 

4jjj_sj _jl ___> I fl ■ _» I j a> _, _ (j_jJI 4 jjjUI jl jiLi 4 _al_»JI 

,i___jjl ,4____JI __| jjj-». Jj_a ,(__ij-gSJI Jj___j_JI lf 4__L_ 3jJ[ 5j 

4_.L__> (Js _l jil o jj- j» j-W" _uj i-.j-». .-jjpljJI (jjjjSJI _jjjLji _JJ jSCj 

jlrtl'11 _j__Li Jla .jl _jVl *L_jj (jjLjjJI 4__La 4_>jJI 4jJLc _jL_L_JI 

.4_j__»JI _jL_u_»Jlj 

aji,ijt-ii;»t,i __iij_»ji • 

3jUI _jLjj_v jLljI (j_jj_u (_, Lc LJS IjLc_cI _>_ j_»1 I.U 5j_> j <",«" 

3j5 Cjjljjl L__ ,^ia l_VI __J (_Jc -jljjJI Jj->-jj 4j3.jL>J| l^j-rU _l 
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4jiiijULl«JLI (^l^jJI olj 4jjjLLtl jljll jj»3j .4jjuij (jji^Lliil 3_JLiaj 

3j — iJI iajLs CjI — o»jJoLjjUI -^Ljjl ^ J— s-JJ (_pJI jlj II jjl-i-aj> ^ &] 

jjvIjjJIj (ji ujl Cjl£jjejaj .ĕLaitjiaJI 4jjj^Sl!l CjljJjJU ^ 4.ajJcj uJJ 

icLL^- ^ 3_, ..._.u i;;tl jl^jJ SbjjLJI ■'■ '.■..■-" J^-jlS l^ .4i>UjJI 
(j-ijjJLi jjjj^alll 3j4>-f JLcLLua j^jj (jJJjiSj 4jajJI 5 ajLa Jjl-r~i1l 3j^>-Vl 

3j*>.i (__J3 liLI j£j Magnetic Resonance Imaging (MRI) u ,,mUI;UI 
.^Lc 4». jj Medical Diagnostics w .uil ^^y.i.-.n 

JJJL>JI jl JLcl 4j31j£j 4jjjLJI jl j II Cil .ij.i*- j»L-cj>.? j i in (_,-*!-" j jI 

4_2jLHI Lj_jjJl9 ^Ji J1»j3 4jjj^SJI L^j-oI ji. (__Jj-. ljLscjVIj 4 j.m.i-nJI 

Sj^Ki^LLwa^j^l 4jjjLLll jljIly., iV',, , ' j.(_ T jj.gSJI jLjjJI Jj^»j3 ^ 

.4jjJl>JI 3j^>.Vl . ^'^-i; 4jjjjj£JV1 jc-jI jjiJlj 4ij"ijJ1 ■ *»> ■■■! II 

_jSLo U« .CjLijj,L>JIj 4jjJ_>JI «_3j1 jjjJI »_)LijS_8 4_.L__> ,_,_ 4_lj_j -■ 
_jl_u_jljj.l 4jJLc (jjjJI SA^A-L 3j^>- 1 £_jl (_ya 4jcI;.<-.1I .*.l/-IUStl „ j 4, 

Ja UjjjJoj ^ (_^JI ,j_.lj__>JI ____*J ULjj (2 - 5) Jjj^-JI _ _, U«j j 

. jjjsjjLi 100 _jjs J_l __JI _l jJll C jl m.i~- j j « m') (Jj>-> ij-~- 4 iil~-_U Cjl-r~ 'il,l 

4jjjl_J1 jljj.1 «jjj Vl (_,nU;l,l _j__a 4jf SjJuCdl 4__a _ I _JJj ,jjj LJ -t i_jjjj 

_r_l jjjj 4j_5_>JI (jJJJJ CjIj^j 1 nj-? > LgjLj_jJ i_j Ljp^__L_j (_-9j L$-_>~- ____ 

(cSJI __jj__J. lio.rtl jUo| ,__jS 4jL_ I jJ . I^jLcL-jj 4 a.-dMl j»L„-wVl 4_j__ 
jjjjj». L^jjjjtS ___]! JjjljJI 4jjJajJI LilJj ,__lc j-ljcl 3 J---.J 4jLa jjj-s JL*JJ 
JlcIj- j_LM,j_J 4jLjJaJJ SjjjJI (jjl'n»'i_il djl jLs-ol 1_~ i nr I il_LjL _H_sLa 

_l jll Lt» j___>_ (^l Sjjjai ^l jiJI i— Sjjf jL-js .4iLjjL>JI *L_>jjiJI 
4jjj.1jjjj 4jjjLLll cjI .ij.i--.1I uJJj (^Jj-. Quantum Effect II j-utjJI (j-jLjj 

4jjJaiI LSjjj uJ Ijj . Jl ifi->Jlj (_>-»lj >JI ijJJj (j-a j|>*i3 (j i m-tjI j«i^1I 

.^j^jni^KJI _j3jjj i-uljja -f inn'il Cj«:L>. ^l KjjKj« 
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,„y&\ *L_>j_J1 U_i_ (*ySJI ^jL-U cjj_;! 4fi-Vl ___* J__*J 

L*_j_m_»j ">_LU 4jJjl L^jjJ _)_ij <bj___JI CjLJI_JU _ya JjJ_JLi C. *i«T (jrt >- 

___ *___*< J__3 . I Jj~i\ o i u j Ijjjjslji. >JJJ>J (-Jj (-jaj- -_l j-l-L- _jt 4$*.lj_i ___ 
.Sjlc -_tj-j"t*irtj Jj»! j_i (_,!c «Ll> 4__>lji-j 4*Lhjj9 i *il*iVi ■(_,.'■<<' _jjSJI I j-A 

. Lgjl mj->.j 3_LU _l_u! (jjujLiLaj SjLU JSLjjjj __ij_JI <-;_jjj- LjJLu (j_> 


__JU<, ._•_»— Lill _-_Ij)_* jjjiajj tjj i y Wi 4j iij*" _j__j i—Lal :(2 - 5) JjJj>JI 
.jj_«$iu 100 _y» JSi _ij>S__ I . i l ;j ;•» • jIjuI ij njj l iio ,__ («__»«_JI (JJj-lo L$j<s_i_ 


3l_u'i t>-»t>»_H 

^LS^i^j—^JI _, ^jJoUa ij^^Ji J_u_>3_)i 3jL) . Electrical "ljj^_JI 
.oljJiJL, i^SJI "ujLUI ,__ SjLj .ij^UI _jL_I p.lj) 

.Magnetic Coercivity 5j,,.,Ul;;n *ujUII s^-Ji "■jLjT Magnetic 4j,„jl-l;ii,i 

__s Toughness 4___jli .Hardness _ - ■■—" I Mechanical 5j-*"jMg.j U 

Plasticity 4—,j__l ,„v, ."ljJ-Ji __.L ■■■li 3 -_ J ij — L_Jt | 
"< ;,,„'.i i j .< ,„ i ^ : ...< i __•» Ductility ■ ■ " ~< ■'■' "■"; 

-jiL-j^Ji »1, -jlj^LJ 4 j__Jl 2j__Jl j— jj__o 5jL_j3 ! Optical Sj > __JI 
.Quantum Ktticiency of Semiconductor Crystals ' 

■ Biocompatibility^^JjJl j_i>_l<, ^M-Ji _n___j>_ Biological "u>.>J>jJI 

"Lp-jjJ^jJI jj-l^sjl^ jjl^il jlj-i.-lj) 4jjL_JI 3jJ_l «jLj 

j^LUJljiijjj.l J>__j) j>_" __ui Biological Barriers j 
.Membranes <u____Vi Ji.) ^L-Ui <;_<__ "__o->__i j 
.(Blood-brain Barrier __L ^j-a-Ul jj<-_»Jl 
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_-l_. cjjiaJI t\ 2JJ ijj» I m0"i il jjl J «j 

_>£-«J Laj jjLJI Ljj»*jJjj__ CjLojjjoj j a}L_ 

Cjlj_i_j 4 injj-. JLoI (j- 1 4-jj mm 11 4 (jt 
4|jt"iihs jl jinn CjjLi 4_|}L»_: 4j».jJjj__ 
L_ _njj J_i_ i4j, ijln"i1l -.l^jJj,iC.I JJ_ __. 

!___ ____ - j_j__ __!] ,____ _>« - 4__ (JUJI _J 

Jjj->«j (jit Sj jl _ ia^Lui <u>. jJ jj__ Sjijj j 

. _>- J .» 1 « J^ljJ 4_ui>. __JI («__j (j— 0 4j>M_-1 
4js_L_JI JLo-Vlj ^jjJI Jja. .10 ._j __j_j_ 
___ I JljIj_u> 1jjJ_J 4jj_LU 4j__ jjj in.ll JM_- 
i__l __£VI J 4j*___]1 4jLc jJI j i___JI JL*_- 

^JjL^JI cjI j___JI aljj lL p=l j_.}U j— -Jtl 

l-Sj uij i«ljjJI 4j_Lu_5 £-L__9 1 jniiTj (___JI 

Cjlj_L_J! _JJj j_a 4__i__iJ 4j9j_j li"iLj-fc jIjjJ 
C J_"Ls_a __3 jjLJI 1 j»-jJjj_j L^u— >— _-_!! 

. L«jl__ ____i_*j 4^jj__JVI 3j^Vl 


j-— -fcUlij«) ol.ll JL_S_ 
^_>_JI 5 ^ <ul_ ..J.jAj 
O-jjj^ -jIjJ-j ^ J J— 111 
ily- __J_ I^jjj^jj 3jl — II 

,jjjS_J J___ij _jL_ 
3>*».-l J-SL^J <L_J_.IjJI 

_i..Ml-a '-JJ— I — $__*_- i 

«o^L-. ji L_j_ui 

u__j_,l 
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<4jjj__ _ul l_jL-_>. (j_l ir-w>->4 Jj i n -j-*J» I i"._i > -- £-JJ-aJ V (__-Jj 

____. J__j (j! ju >Ls <<__JL>JI j-aljJL J-_ujj V 3___a}L_ cjUK ,_-_) 3jjUi„a 

j i h-nII j-jju (__£ ' LiJ->.l JJ (___II 4jj__-ll L-jLjL*jll (j-a j_jj£ LlaLa! Jlj La 4jf 

(jjj . 4_L__»Jlj ^l-sll ^jaj ^ ' ■ i— iljj j»j_-j i(_UsVlj ^LjJI <_ru (J i_»L_JI 

j^luJllj _9-____JI (>-jjl J___]1j ( U_JI J>U(j_« VI I j_- 4jj — liiAI (_^Lij 

«Lil «jjjj j-»-m"tl j LoUbjs (jjs 4_i_il JL>-Vlj Li u±ajj jLojj J>-I _j_a 

j-*-C.J <_gjJii--VI .jjSjJI _L_jj <4_jL_JI 4jjjJI J-"l uillj <L_Jj 4->JI ir->11 

4jjjVI £Ojj _>-»! j_aV1 3 ~«K- ^j,- aojuifl_J| 3_,l-tl ^ __iL__Jlj 4jj_-V1 

|_l_jjjj __-.L 3j-i__i ^jL-looj j-Llie-a _j_a l_L) j jjt*. _-JJj <4j__jjilj 3 jJL>JI 

._ 7 _l_>LU (jj-5JI ' n i n" i a j-La 

IjJkjJjjiUJlLjljji 

4__>jil ,»Lijil 4jjLjJ L^jiajJjJj jjLjJI Lj->.jJjj__i £jjj__i (__i) -r i'i (__SJ 

< rtj./->jjj jrLuLi 4__.L>JI I^IM mijj L__1 jj! -_i_.La __Sj__j (j! ju V <L_.__JJ 
(jjj _>a jl L<_jjj (_ys (___J1 <L_jIjjI L_jvjJjj$j J_C — L_ <3j_jIjJI L^I_».j_s_js 

jl <_jlj___ Jj-se-a — Lck jjjj___j I _jl — Jl-J <LjjujJ-_jj lj_-a I ■ t V" <__l (jL_uJ 

<(_--al_JI LiLc Jjjj <4jjjj_!I LjJjj c-jLc <(j_-jL__>U.I (j_jj__JI J>L>.j .<«A_- 
-_Uj (jl-ij <(_<;j_<_CJI 4 — _j_L___JI L-jljjiJI L_->.jJjj_o -;l_jj ______ LjjjLj-c. (jj» 

4_l___JI J_.I__.jJ1j __lj_-V1 j»lj_*_ __l _)L_.J (--^J 4_sjjJLl -jU-. l_u __j 

<fl j" i" 11 4j-ji lr-> 4-> j"i^.4___jLjJI CjLj-wjJj K"i1I __j L_». j-je-a ^LljJ ^^j) 4__ojll 
I ju_ jjJjJ ._Jji-»J1 Jjj <__Jj lfllii't jJ-o-J <__iL_L_3_JI <_<Jjj (__J__ (^^jJjjS-JI 
3jjj Jjl ^Vjijl (j^s j-Lc 4jLa (j-a J_j| jlju <|aJL_ll ^jjslj jjj_sIj j___>JI 

,-.L;^-,llj 4_f_jjJ,l jLS_l>-I j_ljj 5_)L_»L--a Jjf JL-J Liiljj .4 x>.jjjj__j 

(j_,jjLj 4jijL_jl» («--uLj 4_9jj_*ilj < 1883 |-L«JI (jjs (j-ujlj _--3 4j-wjJj X" 11 

Paris Convention for the Protection of 3 jt-li.^ll 3 _i< II. I 4__jLa_»J 

<__<jjjj <u_-)lj-j (j-a <l j <_ L_ajj (___>. <1__!>L_ I aj Industrial Property 

(___JI ilntellectual Property <(4jj£L_JI 4.-CUI 4jL__w (>-jlj_j» (___l — * 

L___J Ll3 <Ljj I i n"llj l<j" i njLa-a (__i<- j-5-_ijj Jj <_iLi cr 3 -^ "^W L__ojjj_j 
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e __^l__L___ 

1j_L__j «_jl___L*il __-- J_~ Ij-ajJ? J-3 JjljVl <_Jj-JI (j___j_ii_i1j _L_J_JI 
_)? (____J <4j^-<__JI 4j IjjJ? jJI ,_--_- jJI (<_4_>.l__J 4jL«_»J 4_ajL__ (jylj-i 

}4jjj_JI l;**U;,. ____ I j__>. 42 j_JI ___•__ 

J____S OJJj O-^J '(!)'>*■' J? (_>_►*- — «* S J^! U^J-*^ '-*■* (_r*^ _>^_ ("^ 

o^tj^ioT-ll L__-j____ L,__.(jVl,-, ^■■M4j»>JI|jt t3 -JlS J L-Ji,yi 

_£_- (J^*jJI IjU- Uj_) - 4 «JlSjJLI 4._j.jjji<*11 Cjlji-Mllj _LiljjVl 1. Irl 

ji .^a.-yJI ^jj "JsjjJLa - 4 _jj_Jj 4__-L_- oL_.L___> ^Ljjl ___! _>__ ___j_il 

_$i LJ __>.jj V 4j? (jjl Jj_JI 4___}L_- ._jj_-_j ji 4_j _ujj I _'•_>__» (j->-«J 

.<__£ijj_ilj (_-_J_JI L__-L___ jUj _-->-J LJLa. _3j"- ». " jjJ Jj_-J jljj-.? 
__9 4_ajii. "imiII 4ji**itl JjL__jJI j __ljjVl <Lj__La ijiniill I juk (___, Jjl i*iinj 
J_L__ij i L___b j_ <i i n"t ^ylj __ljjVl __i_ 1 njii(Vi I i 'X «J <4jljuj . jjLJI L».jjj___i 

. Characterization Tools > Lj__>j_j| J-L-jj .Production Tools -;L*jyi 

£G_yi j_l_j 

_L"jl <__i_ 4_a_ l V, , „U jjJ-Jlj >-j1jjVI ;j_a JuJuJI Jj_».j (j_a (____>! 1 ___c 
ic_>__JI <3 Jj_>JI (jja 4jjL___a oL>-jJkJJ L^jL—S ( n\'-r 4J 4jjjLJI jljil (jjJiejj) 
i__jjl — _uVl (j^a (j_J_l L$>.ljjJ (jSL«J Jj *-JI "j-* J^ (jP* <4_____Jlj 

L-jLui _>-±jl ita i JjjJj! - SjLil CjI jj l>. j j « 1 a_ ( 1 ) (4_-iLi (jUoj-u 4j_*~JI 

<<>L_JI __JJ 4___JI ___a ji Top-Down Approach J_ <_,Vl __!J __L_Vl ,j_» 

_L_JI _wa jL__.Vl _,„ nlno.i _______ I - SjLtl oL__y>».j Cjljj g_ (2) 

1 0 ijij .(__L_Vl ___JJ J____Vl (j_a ji Bottom-Up Approach 4__2JI ___JJ 

j-l __>.Vl - (j__JL>JI L__. <__£> L__ j>,lVl iiill - ((4_4_JI)> jd__a___U JL____J 

4j ,„L__Vl SjUI __LjjSL- _-_JJ > jj «^LSJU £ iu.^1 6 U .* j j.<n 

(jl LJ J_— »JJ i4jo i„"1l (jwaj . 4_aj_uJI 4_i__. Cjl ij j-».1l J? ol_jj_>Jlj CjljjJI 
4ja_jjl jJum\ j_uj <- *• ■ i_)____CL___a _r_4_>ijl __3 _|_vL«_u (ji « i"i I, I (jujJ — -u- 1 ! 

^L__>-Vl jL-j? jji mi 4 l_Ll__ 4jjjLJI jljil jj____»o ___ JjVl -JjJ __Vl 

CjIj <__£. jl O-La 3j__ L_bjL_j5 _) _jjI a_a jjjj ___JI <4____ uaJI __i_-_jjj__JI jl 

_jju_u V 4_aj__JI 4____9 -lil !_■_- _JJ L^J Jjj__jJIj n_jlj__ajj_JI _v_ (__VVI 
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».UiL»»J*-- 

_J jjl _*__«JI ___• I j * . j_-ijj_i 100 J£- J_J olj—iojj-i 4_u__J I _-_L_jl 

j_l«_ji ____ 4_>j_ji 4___jj__ji ,__ 4jj:ui ji^i -_i_jj VJ i -t 4^j, ,,_ 

j«j i L^Ljj)j>. jt 3jUI cjljj (j_> i jL»jVI AjjjLj __L*j __>JI *l~ 4jI jlJI j__a 

. 4jLl J j .---II . j 1U 1 1 JSL_JI <_— *■ l^«j<i->«3j L^ljjjj 

LljJ.1 _pa _J «J (jr-JjJ mVl _>—> l_)jJ ij-' *_""'"_ 'J-"**-" 4 «j jli ij 

j_,_M ?i«,^ill JoL-jj l_)j-i_JI i>« ->_--"- *S> 4 — ___j l__9jJI ,___j ,4___L>JI 

_ljll _____ JS" jjjJ^^ _____ j__lj 1 _jj____I ^LjI ^^SU, V^jJI 

4_i_-La (j-Lc JJ , -"'*-~'^ 4_5jjJ_>j l_ij___I jl j",-l , I n", . jj .ijjjLill — jl ~r~t il,lj 

JL**-i.l 4jj_t>j ,5jI <JJ (^L^ill -y *UI __9 L->j_)l j_ l-Jj lUtl _>_-.1j___-JI 

J___aJI (jL_S 'f-Lc 4 ». jjj . 4j — -l-U , rtjkjj ^«jj l—) j , „ _£ jJI _, ii i i lr-»"i 1 1 

^LJj^JI _;j___i.l ____. 4jjjLJI jIjII -___.? UL.y. ,„lj L_jj_- j__Vl 
Jj>_> L$_-»«- -rj --_ '5 — aLc <__>__• _>---»• er- 3 *-* j "^* *- _>--*-*_ -u — ~j. , U',I lj 

:4j_-j_. _£j->J 

.Mechanical Milling _-.<j\K..U _.-»-l-ill «__j__. - 

Chemical Vapor 4__j_Laj_JI 3j yj -j* " "j>-- - 

.Deposition (CVD) 
Atomic or Molecular oLuj^JI ji __ljj__JI > hu<~\ 4_jj__ - 
. Condensation 
. Electrodeposition (_->>_--l ,,.j.„j_JI 4_bjJ_ - 
.Sol-gel (_jljj_JI - r !>UJl4_u>- 

j_ijJI ____. .Jjj — LaJI o j-A J_ -j — _j _>J l_>___JI (j_a J__oJI I ju_ (-— -j 

£jjj_l ' '■I"-*- " (jj- 4jjj|_JI jljll Jj I V*i __3 L^,__-.L_J L^j__fl 4__l _±j (j_a 

. | _ , ~- « , 1 (jjj_____t_o *>l jl-s ij L___j |-J_u __j__ LuSJ ,_h_Ij_«JIj 

J_u_ _ I __!( _,_c'¥l (> lj >L_b iL)j_t__l .Ijll j- Lul J_m_ 

-l — Vl ^-.l i j j . . 3 j '■"" fl~M i "ijj il ;ll jljll — ^L_j] i_jjj__t juu 

jl CjljlnjU a 5j__ (___ 11 L^aL-e_-l J---J J_3 (-—11 L^_u_-I __aj 5j j j*C 1 1 

_jlj_L«jjLi 3ju_ (_JI I _i_L«jl _>-ijjI " «I I Jj___jJIj l>-llj", »ij", i l_ 4____u 
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.1«! .^-. ■ ■. '_ l- J: j, j___1 -jjl ■■■V' j_L_jjU 100 jjL>__ V 4±J_ 
_ _l jj j -j (3_--"' < - u - a Cy* ^JrH^ ^"->L-*^ _— jl (-— *■ 4jj_l_ (_JJ 1jJ_j __Jjj 

jjiin* 4 j i -". _, o i j . I fljl_aj Lg_.ljjl c n l"i -r rt _,lr 4jjjLJI j1j__i1 
.J,jJ_ 5J_- __L_ 4__ J j_L_I _Uj Vl _JJ Id .nnlnoj Jjj-Ltl j Ol jjj-JI 

Milling (^j-.Kjll j_- ...») ^mKMI ____J1 

Laser- jj-JJ1 4___,t jjjl- r L>V" ■ ■■L .4jj__JI 4_bj__ .Mechanical 

^ puttering 4j_jj__JI 4 ij-ijJL __l jjJI ____ 4 !___ .Ablation 

Thin 4 "ij-lj 4 _-__ 4_j_Lo _>— »— J J-a I (j i < . CjIj j II ^o-r"i" _- -^>- — 

JjjlLo j^. ___ 4_o.L_VI cnL__-*l -j__ el j -J («_jj .ĕ_UI _», Layer 

_jljL_JI j__t J!>— -J j-jj .-.j-_ - i_"j-»J1 tlj^JI j _r;--ji.i^jVl _►_■ LaLJ 

_)_aj . ^ I i ■ LaJj. jl (jj_.j _ I j! -jjlj'1 jLc. JLa .4_Lo __L> 4_/aL>JI 
_jL_jJt 4jj_L) j1j_a ____. Jj, ,->-__ 4j__ jJI 4JL- <__ 4.1 < j_" jJL jjJujJI 
3 t-i ,Vi CjljLc. J Jls— " . -I j_u 4_L_ <_jl JljjJlj^JIj . __ I Jljj_j_J I JLa 4jjJ_ 
4JL>JI £-a Jc.L__JI ____ _j_L_J1 L4J _)__>. jjJu^JI jl _^jj_j_JI jLc. JiLa 

r _*_-5 j-i____ 4jlor *1j ».1 &Lul ___ -JJjj .4jjl_JI jl j_JJ 4 — J__JI 

(_,<j'.Kjll < - . > JL 4-jjj--j -i)j— -J Ufl — *— i ... I _-_jj 

(jjj<".l Mechanically-Induced Reactive Milling «_____J (j___JJ 
____; _n* . 1992 r L_H ___JI 4jjJ_JI __Ijl__Ll_JI (j» 4jj_L, ;J; - 

4jjjU CjI jj.i - _l -jj _h» "j-a Jj- 4l or (3_jj_bj i_j__JI 1 jub i__ JjVa 

"_>j_JI SjIj-- 4_>.jj JlIc ^ TiN -j j*.l"j".tl '"'I 'jj"'j' _)-o "" ... ".!-.". - 
._-_^jj_-iJI jLc. _j_wj (__j 

____ Jj.--.JI jlj_JJ (j-Cj.Kjll - ,3_____JI - (j__L_JI 4J___ j ■".«". j 

_fC .1 i ir-JI _gj". 1 i.l.l (-lc Ijl i~n'\\ _jjJ_JI j__l _-« . 4 j i 1 1 1 4jjjLL (3.--I — -« 

(j_a _jLj-»£ j jin>" ____ 4_i_L_JI L_^jjJl_J i_il_j '_, "ijjUlllj 

^l jj? J_i (j_a <— _ j '"■ a _jLc j-aj—L 4 ■ ajl I 4jjjLiJI ■"'l ; j ; -~H _jj-^-i __a 

___ J___J| | j — _ 4jI_L) __3 j»j_l (jL _, — _u_j (_____- JL_3 I jJ . jlj — II 
<— _j_J (___uL__J.I (j___JI 4_uj__ 4j^j iKj.a (jc J_ 1 11 j a _>_>j_u i_j__JI 

_j_u Solid-State Reaction 4 J__JI 4JL>JI JcL__ L^J>L_- (j_a _jj__-bj 
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*uil_- ♦;»__< 

<____ 4_aj__l 4___l_ Powders __» ( jjj s - J j__f jf _____ 

(_j_u 1 L__jI *jj>JI l.l A _j 1 ■ ■ «j ■ -j . jLu _ I 4jjjL 4_u_j ;_.■•»- 

.»__. 4__ ,_ljj L___l_. J^"' ^^lll 4jjjLJI jljll _J. SJlisi (j__lj 

JLSLiiil _-l j 4___l a (-1 1 11 -vl __tl L^jjjjkjj I _«j n -»„ ^jj * "j^j .4_ujJ_l 

4 iijUj—1 •»(__-- Jjh-i-nII _IjJ.I (jjLjjJI _—uJ.I oL__aljj» £j» ff-*&±j jL»j?j 
■ 4nl-,VU 4jj_L__I __l ____! 


^SjjLSLdl __«_-l -v.~n • 

^ljLir-. ,„L Mechanical Milling _. _^t_L.ll (j___JI "__!__ j__ 
3 j_j 4_,j_-~ ,..11 3, jJI _~jJ_JI _-j_J Ball Mills _l j£_l <j__-l j_ 

_LL__ ___ I — __j! __j_j i4__il _lj__U Jj^I _a j-_jl _LL_ __a 

j J___J jujL- ,jf (>> (•i.jJI ^J-j . j_j_j ,j_aj j_u ._L._JI __-_*»- 

4;n->- __JI £>-J_ 4jjjL_l jljj.1 CjLjj-- (3j->»1 , 11 « ^Ljl ___) _jlj_JI (j_.l j_j 

___JI _-« JjV I > -.11 _l j___ _l_ . (4) <_-_UI _j__l c> oIjm« ,„-11 

J»-f (j_a (5) Uj_-j__"j "L-jjJaJI .j^ | j_u_ UL__1 LJL- _L_ __ <_JL>JI 

__!_ 4jjj_JI J jj.1 — I mj-v (j_a 4_ jj_a _j_3 £_j J __9 l_njU jj __j 3 jLj 

. _,_._-__!! _gj~,„U 
I o o j « ~ j JjJ.1 — 1 ^j , ,i-v Jj_ (3~- , ul (j^jiKjLI (j_J— I i_ijJ_f jl_l*jj 
(__ . j_»jjL_l _;j-i ,,.«(— J) 4j_JjJI 1 .'Ijjj-- l)" JL ll?i<l .'Jj "->jJlj 
_J_ij .High-Energy Ball Mill 3jjl_JI 4JL_. _Ij_ ___Jj— Jj___J 

4^jj ,,i (jjO -__ji__a ((j__I_JI J— 3) 4jlj_ _,! (j_a '<- — J__ J 4jj_-L_JI 

_>_«J __3 WC Jrt , ht-mII JljJj^ 3jLa j»JL~i tuJ - i <l.r->ll l_jL ui (jjtt 

^j_iJ j! Jj_j . (6) U-—. .1 jll 5_UI J_ _Uj", r . (j^r .V, - _V_JI 
(jjs jj_ i__L_u .SjLU — 1 ojni> l-— _;j_«J.I (j__ I— I *l_.j (Jl- (__>. (_a 

(jj_ij .Iji-rU jljj.1 SjLJLI 3jJ_» LpJjL__ 4 nj^l ' WP! < - J 'j 

(.1 - 6) JS! jJI j__ijjj I juk elx.jJI 3jl__a f>jj _ya 4 cj___a 

4 «i (j o i ("J^ _r— " i— jIj_JI _r— Lj__a i(j___JI t L_j JS_i I 1 jUjUt-' 1 ti i „j 
.3jL_J«(j_^__JI d-^jJI» 
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Uj jj».jil lSj^" *!>*J! o — ° ^jlj^ 3 — "^" lSJ-^ sjJ JLa t-^jijj 
r L**L J_<h-=>>J1 ^.^iMI SjIII 4_jjJ» ^Jr. iULiJI oljLiJI jl*L 4_!!>UIj 

jljll JoJ _jjj SjUI OjLS" _jLa .jJv9jjLi!l j"i i ii a ___JI l^nj-wLm^a — ■! n j-». 

_ys jt u5>>^l *W J>— > cr^ — — 5 o' -4 >La iLjSULi — _ jt 4__jJ_J1 

_j_;-_-j..i<Vl 5J__U> Uj __b l__»_1 _Ujj ^SlaUJI —lljLiJI J_-t jj».j 

jljil _sj__J _j_ l fl a-r i.i jl jll S-Ail — < il— I jl Ut .* lj_#JL jj-^jii 

fjjj_)_jjVl tjin<t Jla .LjjU^Sj^iiiU Cjljl— I ,ijiii-V 4j^j-ljj mll 
_j~Utl 4jlar sIjjj-I _j< *j« ( Ufc_>-i_j Ti0 2 ^_4jjl"j"ill Ju — -t jt Al^O^ 

• iS^JI *lj*JI J W yi 

_— j— lt - 1 o^UH «Lcj i ~ i i"j liiil _JI Sji— >JI *LgiiVI jjj*j»jj 

4_J 800j 250 jru -jl ^jj ^Jl^. 2lJU _jU j_uj i__i ___,_! _j___1 4Jj_Ls 

SjUU «jjj-JI _iUj^_-JI _j___j__>-_ — _S_ 4jUc Jauu U» .4_j_jJI (____ 
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(_<l-jjjj . ~jji<-i3 4j__j — jIj— _ ____■ 4jjjL jLajl (__II lj , „jjl~..^. Jj__jJ|j 
— jt mj~- ijj' i— _ij_J 4__-L (jfcL~-l '" a _r---- Jj "-i-ill (__9 (j-rUtl 4jl nC 3iL— 5" 
: Lgjjj (jjs jis jj i JjoIjc aJc (__1c .«LjjL 

iL^-jjjSj 4 « > -V"i i ii 1. 1 4_j-*.L_iJI *jj — 
.(j-tkJI -jlj-J 4jCji L$_- 4_.j___1I SjUI £jj - 
.4 j-v . j j_LjJlj 4jjLjj_LaII Lj-_— ilji.J tfl"il «J"i-> jj*»- iii jlj-LI SjUI "jj - 


(10) 


I j : --U jIjJI SjUIj (jj-LLaJI J___,jJ| (jru 4-ijjjJI S , ...•.II - 
tj-rUtl 4jUr f-lj-*-l L_J_c («_u <_,_!! 4cj__JI - 
(12) SjUI ^aJa 2LUj_ ,3jJliJlI JSLII (jJ-jJI - 


(11) 


1 1 J, i n I ja-j I J^lj ' 1 __}L_>.Lj j! j II (jpe mi 4j^j'iKjrt — ——iejj 1 j _ 

J j m 1 1 ^— u 4____JI 4j^jaljjin1l jljJLl >j i n_ il (jjjk.L—J. 4jjj_JI '*■! j j - — — ■ 1 1 —> 
,__L_ Jj___J| L$j j_u (___l 4 j<j'.Kjll _i_ (j_. ( M~V" 4j_jj_Cjju I — _(__lc 

JLi -lljj.l «■<'!■ i,ij Ductile 4ljUU 4jjl_JI _lj___U 4jjjLUt cj! jj.-,1I 

. I j . J j » 1 1 __JJ_9 ' " ■ J 1 j . ■ 4jJ».__JI «I .-»".. .1 (jj) ^__VjJt 
0L^^t_^lJ_i-_fllflrttl _)>tl JJJWL__ ^0__»0* 

^jj^l jljll ,___ ij_,l jJI J___JL 1_jL_ Lj__ L_J .i____JI jljll 

Ljj_> jjlj juc l$_>l_> ji___i jj_j <___ 4jcj (_ji (jjjjj ji j_ — __j iji 14« — _/j 

4j_ 4mj- IjUjUV" L i_j (2 - 6) J_ _JI JJ-uaJJ .4j_l.jL- _jljLg--.J L £_' 

LjJ_-* _, «Lut ,__9 4_j___l jl jil -jUj m-w Ijjj j__> ___JI 4___eJLl J___IjJ,1 

4jJjS' Sj-u-i »1 1 J_L— Jl (___■ jjjjajj . aji I Ml 4_J_- — jU£i 4jj_-__ 2 t-, . ■ 
jl jil " jUI CjUj J* (j*_- (> 4_jir", i„tl _jIj_JI (jc jjj_ . JSL__JI 

__]] _jlj_JI tfj-_ -tUiii ^ylc SjjL-Kjil «JJJ-JI (_ij -.2*1 j»JJJ) • Ijjjl MJ-t. (I >J .-U 

tljj». (j_ 4_hj_J1 /j;--' 1 ,_- 5 jjjII Impact Forces ^j____l ^j- «U-l 

(__- (j-UJ>jl j-»Ull f Lcj 4jlj_a uil Ji-lj 4v9jL__J,l _j|j_JI (ju LjJCj-j 

jLU.1 JS__JI 1j_b t _.__=-Mjj.(( 1 i»2-6 J___I1) 4jjL>.__JI Jj____" e L_i 

jjjijjU (__tl 220 jjt i L_jU__i i U i nj—a Jjl _ j i.ij-- 
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__,_M-JI»C_-<jl!-<t--_ 



_•* 

u- 


___lj>_> 4 In i nl^j 5 -Ul 3>u -ilmt Jul^JJI ĕai 

-il i, jntl jLL--i .Uu! (_^L__ _it _*___u 
Ol m i-nII 4j -.hmtl _jb-L__,l __t ĕ-U) 
U 5u»jL>JI -___• Y1 _-L_ i_lj_JI _l__;i _i 


_l__l JuS uUi-> l«J j-M g-ll Jj-Ij_I ^Jjy h.h^i ^j :(2 - 6) JS-j-JI 
..jjjJi3\i^SUCi\jSJ\C^^ r \^»Z ii.L^V)ULdl J^Jalia.J.>c J>-i-4 rt!rtfttl 
u)l oj iii-kII jLL-iii jim llii- __-3--U ._ J— -Jl __«j -_Uj ju- 4_j! iJSL-jJI __« ____->bi) 
-jln mtl — ib-l ...< »jbj _ a SU-JI lj__ i__».___ j-_ ;L_u»lj_ ' 4_j^SL'_l 
(j.ijjl n » __- _h__L_JI I j_> jjjIj; .iU__j-«j JS __* 4_>_iL_!l -il m i-».1I __u_L__ -jj».j_>JI 
(_-L$jJI ~_L_U 4jj>-jL>JI --In ..iVI _,!_ 5-UI LJIjj jjp.j. . __g_U) _JJ _jl n j-ntl -l_ui 
-jjpLJI S-UI ul u;-» 


iSjLU _jL_j m> ^ i4 4ji«j 3j__J - j -. . 1 U I I Jy_ __ Jj_tXJJ 

Shear ____JI _rj_ __l __$_>* V «-_ij_-L__JI JU-b -_oL___J.I ol j__JI _nj i__lj_l 
3 mj-kJI ijiill ,___ 5j^v>.yLI ______! !_____« ___. -jIjJI j__ j_jjj ___JI Forces 

(___ 3j -uj jjjj L<__ njj^Lll J-LjjJI J_-l- - c-I mjtII -mmjII jjj >JI - 

.'KiiTij 5j_3_l _;j_JI . j^J 4j_5___i VI ,___ !_u__ iu-L^uj-JI jl j___ _J j 

12 _j_- <J__ jL__)! _jl_ -_«j_u j__1 -jl njt. _dJ_U -jjSL- i JjJukJI ujj- J _C 

i_j-rUII (j-aj Sjljj _>-~J .(«i_J» 2-6) J___JI __- _I-yJ jj_ __£ ij_uojjl_ < __t I 

,__-Jlj iLfci__ -___ljJI _jl_L$_*)Mj J_»jv____JI (j__a JujJ, -_LU -.Loo-- ___j-*-J 

J__ll Cll IJ !>■ (jjj__ij} _h_JU ,j__ L^___U u_l Mj~— II JL___ul 4jjlj_»Jj_l _JI _J_.jp 


93 


»_l-ll !*»!»-_- 

J_L_JI) lj__jj|j 30 j__i L_jU__l jL*jl (j__u___ J_ i_j__ j-LiJ < i4-aj_J 

(j_i_JI _;j_ -jljl — 0_J j_uLj __!Ij_j .(j ->-Ull (j_»j SjLij J—«J . (« — »•» 2-6 
j»L*3-l (jjj LgJ Jj__jJIj Ljji mj - ^CJJ-J _>« Jjj_> — 1] (JJjJ L_- .SjUI ___ 
___ _ri-J_» J— » > .j__jjLj 2 ^_*J L_jU__l i U i njjOa jjLu . j i i n 1 1 ___ 4_u_L__« 
Jirt->. 4ojj^[ i iijj->g_ 3jj__ (3 - 6) J_ _JI (j_>j_uj . (« J» 2 — 6) J_ _JI 

ijjjlj 4jjj_-J .4_jJI ^Lc ,_ r jjj___'yi jjsLill (_jj___ jjSLJJ ^I,iVhhLi _-<____ 

i»jjj_ujjl J_Jj— ^ 3jl « (jj3 (_jlj__jjLj 5 j_ej L_j___ (j^Ljio j. Ljj) jL_j_I 

,( 14 ) ____!__„ 2____ 200 SjJL _,--UH L^j___- jju _JJjj ,TiC 



^jj-Sjyi ^^sL^jjiai *u ,,,_j-._j.1-— ^j^j^jj-la : (3 - 6) j___ji 

IjUi. — ij ,<r- TiC — — 3_L» _i| m ;■> J— « Sj_-Ij « i_i i-xt i— -_JI __-!_- 
- ilmtl «JIj-I J-jL-U __-vjj_L.-t __»_1 Juj-- J- -JJjj .i-i---ll __)j_» . Wi mljj 

_ii mi- __u_i___« j__j Mechanically-Induced Solid-State Reaction 

_jt-<"i i.i i J___JI (__«_». . 5j_l_JI iu)L_ _ijj_JI <_ __-l__ niLi >j»Jj"'l"'j"illj> __-_>-JI 

_bjU_3i J__J .4-4^j_JI i__L4 «Ujplj _il ij i - ___>! j-jpaj—l jj__^_J I J_bjJ_ Jl Jj_JI 
. (14 '_ilj__^_ 5 >-__->.! 

_jL* : ^l_-j__tt_-L___,l _ljll l j^__^j r! __j>_« 

■ J< I I ____ 3j J_JL jj___ (__!l jljil _i_ . L__ 4liUl,l jljJ.L t ,nSj 

cjIjL^MJ L^_-jj_ jl__ 4_i^jLiJl lflKlji» J___-lj L-jL-jI j_ji_ __a JL_iU 

jljll j__>L__ ^ iny 4ljUl,l jlj-JLI 4__ j__ajj . Ifljlr 4 _aljjl 4 j_l.jL>JI 
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t'\\\ 1 1 nllj oljliJI jj» Ujjj_j i JuJ_sJlj «^jjjjjsjJ Vlj ij -I — lll Jjjs ,4jj__JI 
J^ i u"*lj .^j^LjjjJI ■ '1*1 ■ ■ .J ,l_-4>jJI L__l J i -J i JjJl>JI ' '1*1 i i ■■ JjjS ,4jj__JI 

jjs Ljj^ jjjil Jj-JbJJ L^LajLLa jc j_uu 4jjJaJ,l jljil oLjj-». 4 jJjj <_£ jJI 

if»j jjsj i il l jljil (__ JUJI ,__> Ls_> iljjjl j n-w J i n i\~ j jl — gjj jl jjj 

jjs 3jJjjII CjI jI^>.*>U U__ujju jjji» jc -I jil _-Jj dni-t. j liim jL_ 
• ~\~'-~ ,"u_,L~ 4 j<j*iLS- i .l ^'^-j i_jlj_JI j___l jj_ JS-Ij 4jajLu--il Cjlj___JI 
4j_ul jJI £jj l_J>__-I (__JI ljj_j _dljj ,4ni^irtll jljil (___ 4__o_»jil __Jj j__C 
(JjJtjj .4ljUUj 4j_i___JI ! j-CbUI j__i iJJjjJI i__jjj_JI i_3^__».lj i4jjI jaj^H 
;Jb U- J_~lj-a Sjlc __-- 4jjJ_Jll -Ijl! CjLjj_- jiii.i 
■ Ui. ^11^^-11 ajJoII jl jil __! «j , pj-JjJU Juc : tytjSri 4__>- jil - 
Ijlu jljil l-Jj ljUj ,.,-k jlis ,CjI j-CJI jr_vljJ- Ja-lj 4___jAi!l f jL-_Jlj 

jjju 4_j_ ,<_5_jj I «j» ,(Ljj__i__j) IjJjjI V*i Jjjjj 4JL_3- i_lVlj -■ t-l I li' 1 1 (__3 

t_9 lfl"n--l ma jl_ ,J£ j-jjl ___ jljil l_U_ 4jL_9 ^JI IjJ— j . L^Uj-Ij 

Ljj__*j J-A-e-JI _-_ I Jlu (j^jjb-jll (jT-UII J--Ij-« j/i 3ji_±II 4j_vjil tf j & 

_Ujj_- £j_s_!I I j_ t-3 4jj__o i_jjj — _■ ti.ij,'^ J~->_i 3jjj_ (_lc (j_-*J J- — a 

U_ ._l j-jojjUI jj» l-j. 5 - 1 1— jL_ c __lj UjU_i jL-j! J___ r L*_-Vl 3j_u_ 

4jjj_) 4 ij 1 1 4jj jj->- «i 3jjj_ (jlsjju i_gjJI (« I» 4 — 6) JS__!I ,___» jjjajJi jj* 

(«lj» 4 - 6) J_-i-l "^j^jj \jm . (15) lj__L_, cl_, SjlI SjJlSJI -_JLc jj_ 

l j_o.Vl J_L_JI (jjs 2_--jjj "LcL_ ' -___! 3j_a I Juu .0075^25 
Jl-C (j___jj Ljj-a-j (jLjj-Tj^lj ^«tt~iII 4jj_jjJI oLjjjsJI I gj 1 "■ (_-jJI icj-J! 

■ (j-yUll 4jJ_vc ^Lj! ^-a l_s>t_ic j-u -jIjLjj>.J (___11 3jUI 3j-r ,„^ (j_>j__i 
(jjUĕjJI JX_- L^L»_-l SjLjjS-UI -jLuj_. jlUat j_u jL-j:4jj__tl-jj>. jll- 
JjjjJ ,j_jL___al (_iS 4.«.a.ViU CjLjjjJI Jj- IjLU ■ j-Ull 4jl«.tJ (_J j Vl 4j_-jJI 
4j_J_jL-j_J_j JjiSj jC J_L__jJ La» . j-tloJI 4-iUj- jcajJjjll CjIjIjJ_vVI jja 

cjUjj-j t-j-j .(« i» 5 - 6 J__-JI) "bjjiJI 4_j____!L Plastic Deformations 

4_>l_- Julj-J . j-»UU 4jiajJI 3j__JI 3-Ljj jljjj . jj jll jljJ3.y I Jl jjj Jjjj V 4_»jl j 
4oViX CjUj____i 4ic ,«_*_. t$ jJI j-«- , l ,3jUI CjLjjj- t-9 Sjjjll (j-__)l ljJj — _J 
2< . .'..I I .'II" i a j-L-a j 3j__cL SjjJui oLV_j_lj .3jUJJ 4jjjJjJI 4__j_JL 
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jjj_j 1(j <j'iKjU j-<~" 4j_«jJI 5 j__JI SjLj j -.iUlitl 2l_> - 

■ l^J SjU.1 ^jLls^-a. Jmn^JI Mpjj U>» .<<jm.1L 4_£l j_J.I CjL-j muII _JJj 

j! ^Jj ^l .s^jJLI -jIjL^?! j~ Jut^JLI m Luj__J JLc Ujjjja J-la 

L^lu 4luaLi)l .4_ajJI L»JjJ_«. jIjlLoI ^J—t j-Ljtjj j I ^-^Lj-jCjI ij 1 — II ^in^l 
. L_?_>. jii in\ _jl jj i-w .'11,'ti ijjSLa .mJj—w^I 4 o-^l~l,l l_1 ijj-kJI jiJJ 



_M (») 
^jjyjisjyi ^uiLj i >sL_jj5Laiaj___i i )j_^^ : (4 -6) jj__ji 

,_,i_l_ ___, iji l$Lp_- j_-> ijjjuii Nb 50 Zr 10 AI , 0 Ni 10 Cu 20 a<j. ,„ a-.j«i 

4 Jjj-y —ijjjj .jiu IjjiJnj i"i I"^"l jjjj I itj; iiill ljI ij it.1 tT ».jL>JI j()lM,l Jt—OJJ 

J^ itiTI ^_a$jj) / ^ j_yaj>j_ J jj I * j-« tl mJj Vi iiT I L_jl— i m-*I j ~ i » J_aj , " i < !■> . t h 

wl . i j i — JjJ~J CtyJ ..-ijjj-Sjyi j__JI lj^S_*3j£j~,I 4 Vi n iljj._j>.l ijj^sw» 5jj>^3 (l_j) 

,_Li.i jji ujji a j"ii jjjsu j ^j^uj »_ ^ ig.^>»i Co ^-ibjijii) Ti f.j) j"ii"jr,ti ,jj <n\c 


<yp*\ — ul4 Ljjji ^j-i-j ,_— II ijj-jJI Sj~_JI SjLj j. — sj :4_juij_I 4__*j1.I - 

t-U. «USIjJI ol jl^VI jLojl j J_olj_tl ^L<ull j^J-USjUlc-Ljj* 

^JI 4jj_kU_JI Lt_)Lt__l jLyl JjuajJ jj-».l iii 1,1 i-Mrt'i jljjj ,l~j1 jjnrll 4-o.jLWJI 
Sjj_o ^jJU l5 jJI (« I » 5-6) J-.-JI ,-3 (jjjji j_> L-i .jjjojjL 400 (jjs J_l 
4<j i 1 n_jLLi_ >a 4jj— .^J"*" iul, ^yjjpSjyi ^__LJ. I v_ij< , iijj_LxI,Li— ij->.| 4jj g->- a 
L-ul 4-l3 Juljjj MjjJI C_9jJI ,__ I Jj» .4-.I — ui 200 Sjua LjuaJo Juu ^jjjl-jjjl 

_jLjj_«JI oljj jyj-« (_?-'! ti J-lw -"^ 0 'SjUJJ 4jjjJLJI 5< , m,1I J>.lj oljLjpVI 
(«l-j» 5-6 J___II) _jl ji-jjL 5 i>_ UjU__i jLui ^j-jjLSU, 
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5.1«) (_jSL_jLSLii.l _j--tJ_JI 4jU_*. _j_*. -ijLJI *y "■ i 1 1 '"'I ;;.'**• (JjjlU.- o""i 

Jl£L_-l 4JJj-> (j-Sj 4_-*J_> — M<l 4j*j__i __y3 JiU-J .-j.t« "i « 4_t_;.jjj_j jj_* _>--lji- 
^LojjIj ,4__jL_J1 I _•"■ -j - '■j -"I ;j_' — jL___l jLul _)_. jjLU <L__J .4-1 m i-». 

• (jjl joj*Ct lj (__jL_J1 l flM*\ jJ (j__L-e_j ^jL^ill 
r,-»-"'i! _-_JI 4-j$JLj l_U_ L^jJL-tj Sb^jLJI oLj i-.11 ,ja--L__« j>ilV"i n")j 

S-oL^JI -_t.J*j'*?"1l Ol *H jU~tl jjjO JJJ^ ___ , jiC j-> 4_»J1___ _jj_ (j-~J L_>(___C 

i ■ -j"j 4jjjLlJI Spraying oUi__»JI «■-■■'■'.j _)ij» <Li_ac jtjj 2_i__JjjJlj 

ji 4jjL-»-f Layers ol i_Jo Sjj--- ___> oL-»-";U j oVj_ iil -J_ m, __1c 

u_-. jjOJI _j_a ol -»'iUI l_L_> -Ja _J 4j__j __■ ____£> .Multilayer 3j_l_*_-- 

(jr; irtl lj3Jljj jl .Erosion J_Tl_JI jl Corrosion f,w^1l jjji_ _j__ J___1J 

-jj«i"i<* _£j_>-l 0*°'j 1J - > " *— *L__lj olj -11 l_Uj ->c-La l_V 4j*Cji__j1I (j_-lj_»JI 

4__cL_1l oU»a*J1 l_LI_ I4J J_>_i (_-__JI -_;_wjJj___JI oljU.JI <<u-! _j_» . L_«J 
. 4___jj__J 4__luIj oUI,lt-~iiiil 

o1j__Jj _ i .11 "u>jUJI -_U Coating 4 jU.~. JL__ -_-■ J— Jj 

JjjjjJlj ._>_>_) -1 (jJolj _>_* 4j_>j^JI j>LJLI ~-IjV"i.,iI oljl<><* ___ 4 Qi >*>-" 1 11U 
J_j _-luLV 4_^jL^1j 4jJi.ljJI --U ,„_1 & Ui"i ___. .illjSj .jL__Jlj 

L^i __J_j_ ___JI "■_■"._. .u- 11 o^L-JJ jjjlj (<u»*l ,(»Lc JSLij oljl_Jlj J_lj__JI 

J VI 1 „'1 (Jjjs-LJII l_U_ (jl __JI 4_>1___yij I j_- .4jjjLJI Cjlijjt.ll (3jj>-1 __a 

4J__IjJI -rU i,iVl (j-iUi') (Ja l_njUj3 _-lc 3j*>Lc ,Desalinations 4_>JU,1 
.Oil Refining ___UJI ojj jjj_-j oLUc ___ -__jJ_i_JI ol___jJ1 (j__ 

(jjs-LJ. L__- 3 jj-IIj ic.jjjj.1 CjUI jiej — l-VI 0 JJt J^ (jja (CCjJI (_Jj--J 

jojjJI ijJlJj*- jLa .(^jjK-Ltl (j-*-U11 4jbir (j-c 4jjsjLJI 4jjjLlJI oljjjt.ll 

oUj L-j*. jj-*-j L^LSjJoj (Ja 1 ilU" (j;j i.2 , 1 4jx,I ii^ll o^LsJ.1 (j_« 

-yjjJ.1 Components oLj£L« ^Js Parts Jj*.t-J J^-jj 4i3li£JI 4JLc 4 .1.^. 
jljJLl lJjLj-lJ 4j,ij15"i1I Jj< iV.1I oLUc <>llUfl .Final Product (JiLjjJI 


-i-_f*-lf CUll <M**i 

J!_a i__ V Vlji L_)Lij_\«JJ I JL3> "jj* ■ s-1j_>. VI u^i i __Uj)_La -^j * ■ —"■ Jojju 

■ 3nK*H 4__j_L 4 __«j i___jjl ,__3- 4jjl__j 3j____ 4jlo<- iGears (j-Jj 'ill 

o" (j_Jj_JI l_Uj L$i_ 3 — » mi-,11 jljllj l_LjL _J1 l_u_> La Ijl L-oj i^"_ 

."uJLc. 3j>L__j 

,____ Consolidation 1 .-j-r'-» '"' 1 ;.;- 11 j- 4 - 3 5 op- 

. 4j 0 fr -"l 3, tj, I Ml SJl u_OJ Ir-I^ Sjjj li~. Jj__i i 4 1 1 I oLjJ u& 3jJJ_» 

(_fjL>«j (___!! 4jL__JI j_i j j k"iI1 I -r" 1 uJ I J_- -jjojjl jl -^j 0 1 1 ~r 1 1-> 1 n a j 

ljsj^j jj--.| Hydraulic Presses «2<,\^ t^tl ^LCtl» 3U ...lj. 
(j ^j^ 1 " o--^ •<--»■' l>° '- "'«'"^ c:»--" i^L___II cjj. ' k" n 3^ lj-*>*-' (*-^ 

:<___» JoLaj Sjlc ,___ _j Llujs-J Ij (Jj-lL-J,! 1 --Jj o--^ 4 jl or 
"lSjLa jljj: jja -____) iMolds l_JIj_ Ji-lj l-)Iijj--.1I jj-r ,,ia *-J-~JJ - 

j_. jjl" ,Hard and Tough Materials J__*_Jlj 4jajL_J.I "_JLc .SjM __JI 

!_--_ j> I V"i 1 11 1, 1 l_JL_JI -____jj 5 j<_, «lj j , jljjl j| jj_JI ' -I ■ -- ___L ui 

j_Jjj 4_jji> ,____ jj-J jl j *\ 0 j-> ijj-.L-JI 4j1c £__j jl jl jj ^jJI (_ K imI I 
. L$jj_jj Jj__jL_jj Lgjjjj_L_> O iL I ofl « lO-*"' (J--* _>' L_iL__La jl 

__Jjjl r _^ <__JI l__JI j_Jl . j_* ^j_-V _--_>»_ (6 - 6) js____JI 

jljl.1 jja JJ_J "ujjLiJI ,j\j--L__J -_l«_sjj (JJ-^ lj)jal l-V"i , iilj I <jojo ii-»"ij 
jo__jL 4_*jj_J,lj 4 « i-i-" 1 11 1,1 j .. XII 3l jl L__jl J___i_JI (__- j^iajj . 4__Gi_il 

.Plunger«jj,L___JI» 
(jjiL!__JI (J_-jj i-jI jj.'~-J1 (3-P-' ^ - -*^ ij".KH l_J_9 j_« _j _jj-_4J — 

1 iil"iVi iJLoj-. 1 ! (j Jjlf" 4_a l_1jj l_U_j il_JL_J1 l_ijjj>o II Lj-ejjJu 

J__v (_"j jU"i jLtj ,4jJLc 4_)__Cj -^"10 "11 l-Jl-o c-jLgj ~-~ii- (__-_ Jju__a_U — 

._j|jJ,l __l j_ic __JI J___ j_) ,3jjjlc __l j_a Pressing Load u-jSJI 

Sj-UJ "Uj_J| ^ J_o-_1l aJji i4-ijl ,.,11 SjJaJJI ^**.Vf^\ J_u - 
-;j_Wj l_U_ Jl-jj . LjjjI ij 1-- g_aJ jljJ.1 SjLLI l_SjL_>-Li L^jJlo 1 n1"V" 4 jjjij 

. ___ul__L«J L___> (jj_J ^jJl ^yjLjjjjl -i__l.l 


jyt !■>■* nil.l ^lhitlj ^j.i ittl >_iJliI ^>.jL>JI J^ nitl -_-"">! Sjjij-s :(6 - 6) J< iTitl 

.' '^' a_a^»ui ajuls AjjjLUI OL u -l > iJ I Jjj^Llu-- j_j a Vij ^jjjS 4j I «r ^ 

: Lu* (j^^ 1 lt-! o«^JI A- j ia r ■ I jufc 

l1jI ijji.1I LdJ- («"-_ ____"JI __, ,Cold Pressing j> jLJI ___Jj-. 0 „ XII - 

."Ja^iJI "jlj^». 4j>-jj J-i£. 
,-.l_,_. ; ^tl jalj (^l __. <Hot Pressing ^i-LJI 0 „,<tl - 

^JjC L^*_l3 J-jj\j V _j<J ^"JjjjJI "jl jj. 4j>*jj (>o (jt^-' 5 j' >*- -"--~-j J 

. l^,„_i< j| jJLI SjLll jL^-ajl SUV, ^y, %75 3 , , 

V _ ; _ i 1~ < 1 1 ~L~b_>JL3 1 ^j, ^ i t l>tu"L A i ' ?' ia { Jj^.\J l jisij^ rti l i n1 l__)__.^JI 1 jj-.i " i "* n l JLfl_j 

"^j^^^^l / 19) PlasmaActivatedSintering UjUJI^IjLk-^LiiUi liiiLI 

■ _3jL2) J __) , i « ^ 4"jua jjL-c"* V j j i n"l u , ,il J^>'j__r a pJ^-N 4jUr j»^! 
__y-3l jijl >a jn<ILi 4 jtpLJI oL_l_uj>JI (Jjls-I lujo jJLa" >o (4£-J-II __, lr j 

"jJL> 3 i« i^II JK iVl j-i1l^J j-oj" jV LJ-aJj ^Ij ">_l»iXI 4 j-y-jJ^jjJ.! 

4 1 1 m |»l — l^s-i ^jjl L^Jjjjoj "ujjLJI l-jI m. -*1I ijj-j-^ * — jUr ij' • Jl jj ' - 

I ,U"jd_ij'il ',11 jljJJ I j j-«-lj~^_".tl i-iL. l-»",tl -j a ljOJ<LjjL3»~ Jjl0*<4<. 
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J*C ■"■ i 4jjjLJI _jUlj_>JI (jJ^Lo-a >i_<>j (-.J-*. _-3 J"i*,"n 4jjt i r-> Tl e ju&j . 4jC Lu_-J ! 

,__a jjuj iri* ^jJj I !_*- ijJujjj Thermal Stability ijjl>>. _jLi> ^Lc 

*5-»JJ I j . .. X "JjLasjS ' *"* c_JJjj - Ljjp jj-i""' _-jJ! 4jjjLJI UpL-u.-- jLul j -jjl ** *■ 

Jicj Grain Growth cjLjj-JI j— «jj .-LJUJI Sjlj_»JI -jUjj j_c. I a~ i;j;- 

U __JJ ^ljjJl «ju* Jjju 4jj c_-_j> . jjLiJI jlji ">Jj_v_JI ,_^iljiJI ___-. "jj U"» 
(_yjJI "SjjnlU ljji<*>tjj. U V nnj jjj_ (<u (jJ»J .jj ■<->'»- ~.ll oLL-j*. Jji) e^c. (_jjl£" 
>aVl jlS' ljjj.L-jlMi-.ll (_-fl jj_JI lj__jj ljj_:jj__». Jjji Sjlil Ljj jj^u Ci—ilS' 
.4_jjiJI ">jljJ»- <L-_».jJ JLic oUljjkJI *Jj*-JJ ^jij^ 4jiaC j«_jj V I jLJ_w I j__*>_4 

V jjLJI ___-. ,j_j_JI *t5jjJo jl .jjal jJI ___ -3 jjLJI ^lc. ,jjijSJI 4-jjJ- f l j_*j_.L 

liuj>- ijju-JI 4j1«jJ (.-jIjJjJI jjjil ,__9 L»j_Ijj .-jjiloil CjLiualjil j-a 1 . . „1 i""i 

"j_-L*_yL 4.<is<ci^> -tUihI 4jvI __-. (jjj I4J Uj 4jjjLJI oLjjj>JI ,Jjj~I uiA jl 

jjuSJI JU».V Sjjj-" "UjLU (_£J— J .ji— _JI ___9 4j &l jj -* j ujj! 5 1 ' I Q *" i ' __JI 
Juu ^yjLjiJI ^llil l_I uiUjj "LjUo(__ai <-tii->(_-)j _j*jjj I jjt j . U^^k. 4 n j U II 

(jr) *i i ?i< ll i*i a _jrt — ~ < r«*> <jr— "- J j <<r» Jt ___■ 4 — ic. jJI ^ (JjLiejJI J *i <i"ijj 
^Lajjl J_j__. : Ujbj - 4jl g<* Jju __jLjjJI gj "JLL i Lua UjkjJsljj ■ ■ — j 

4jli.ljJI 4jjjJI Jlj^ JJk (^LJI J_j_jJlj .%99.5 >- j^t _jj--J 4__L_ 

jl .CjUujjJI <__*- j~u _j"t __ji>L~ -_« (ji-LjJI (___-. (jjuSUI 4jjjji-> jJ.l-WiM.I 
.<jyu* JL» ,____ j_UJI I juk jljuU ~_*jja "jLj j»JLC J_Vl (___*. 

4jitl,l "u^jjJojJIj 4jL-fcjJI 3 1- ,*:,*, VI ^ «tjUc (jjjjSj <_kljil lJjI £u Jl3j 

jljj VI 4 i*-iiiVia jlj — II CjI jjj-t. (jj-t-l in« («j^Lj 4j-^L>- j^uISLi- ^ j n i n" l 

JLj yi*jJI ^UlA^I ljj*j. (19) 4jjjLJI jljil L>Lu ,>4j.^jljj>Jl.oLuJlj 

UwjJj-ISjj j.jj£. JL-tj» ^jJs (j_Jb*-LJIj *LJjJI Jjjj^a^Ul&^l _>« JLjjil (jVI 

jUiMI Iju» (__J3 4-ujbJI oUI n'i»VI LiJJj i-jjLa jlsj .^JUJI f l_^>.jLj jjLUI 

5jJ_ JMi-J 4jJLc 3jI j_v- 1-jU.jJ JUC CjI I j i -sl l (JJ-).! _u> --J-JJ _jjuS" __JI 

jLpJ 4jiajjj>j JMji. (>i Ltjj__ I JJjJJ -J_jil J-iJ-p Lt J JU ^«jJ .">jj__v_ 4jj-oj 

SjLjJlj j__JI i . i ;-> . '* (__JJ mjj! U>i . jjLJl _jjj_jVl jLc. (jjjj-0 — t_-j j- 3 j-*- 4 
4j__j_i__ii 4j>_ji obj^ai _jjj c_-i u_ . (21 ,20) oUj^ji jjujLl. ^ 
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,iUI l_»_J»__l 


4 ii i. t i A lLjLs__l« __L_ Jj)u-i-»ill __9 £_s_JLj l_)Ij)j-_i j i»f JljJ-> *_>-»-< — Jlj 

i4.ij__.ljjl I _;"i .j jLul (j_j jjLia i.Sj-- (jja 4jjjL_JI Lgjjj^j <w" 3j jajj 

£__i_Jtj) _<; It"i!I I j_A 4jJL_JI L$_£iLj_Li j j <Ti" (__$_i 4 i nii ) OiSjJI (__-j! 

. i__>L>JI (j-jKJJ tfj__i J_>L__ ___a j_jj 1 3 Jl£L 1 3JI 4_L>.j_*jaj 4jL*j__j 
4iil"iy « ___jjjj_JI (_yj 4x.j^j*J, i^lji-jjjjis »jjj_a («I» 7-6) J_L_JI (jjJJJ 

_j_u_JI (Jjj-o ij^- l_iI J-JI i__JJjo Jjjj (jja L-bj 11 rt j_i (jjiJjLiilj J__ _»VI 

(___>■ I jJI 1 'J^J-JI (j^Trii ij . j»jjjjLjjjJI Jojj-> — jl ij 1-- _jj_-L_J. (ji-LuJI _>_5_>JI 

-_.l__-,j _LjV| 

L_ill ^^jST A ^Jj) ^p^jJLJ (^jJI («^J» 7-6) (JSUoJLl £-A__J<Jja L_4_i 4 <_lILi 

. (14) (^JLH^yi O-UJI i_jj^j|___JLI 4J___Ijjj Cjjj-t .(^IjJI 4_Lj_JI 



0) 


10 nm 1 cm | 


-l in^l .l. j , , i l l^n _-_-_Jlj|_ > -j}j-JI -iL-«j 1 _fSJA-^lj--J-j>--jJ---(i):(7 6) J___JI 
L_« gjuj ___jS _jli_>_- J-; __>__! ^_JI ._iVYIj) _il_j_UI ,j---j J j - m"t _,_ ^__k____I 
-t-j-jjg.^jil— jXI j»>__II rij-imljj-jjii-iWi J^jLiJI if jjj r i j" H -ujj_J 4jjj-JI ljI m i ^T t 
j_4 _____ ___J ^j__J_jyi jk-LJI i— m)^ iiijjjiL*!! mljJ _>_i-i 4__> - Ojj__ (>_>) 5jj_-JI 

.l__ji (j_j) 5jj__JI _jaj-j .j_-jjLi 35 j Vi — il m i-slt — JJjjUa -I jLui jh jjlS« t-i mij_ji 
lj_- _iljL>j J\ ljL-jj -l-UII j-j-JJ _-J--l_JI J TjjlT ijj_J.I ljI m i -hT I . 'I ,,iU"i _<;_-» 
. ^ 1 4 ^<j-j_-J 4^-J-J I 4- _-J I 4-JJ- ,_. l_ Luj I (_,_!_> U-o.^j-j-JI 
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£__. Yl (j£. telAal I aj.nl • 

i j"l j 4 jjjLH! jl j Ll (3^"' ""-^ 1 ! A i*^ — — ~>L _T j u 

Jji<-» — ll -4__jJlj (jni^tl ililjlar L^ajj l!l (j_Lj_v_iJ.I _,tU1I 4 ji"m 

Blllk 4-jjjL oLir>. _, a __Jj_a (__-lj *_^J J V _ ~' "ul—j" J>J-a _, -- 

____t 4 __s j»* . .. ; T J"",m _.! - j lal ^Nanostructured Materials 
"uojLUI jljJLl-L-.Ljj_.l_JI yjjl ,.,Vl _-__i 0>j *__) LjjSLI ,4 — __£_a 

4_U_ji 4_jj__» ,__l 4o__Ji *__ ju4j • J-— -Vi _JI _J_Vi __. 
i_J_JI J__lj .Nanolithography (,__l j_.jldJl) __> <__1_ "bajLUI 

p ■ ■__ c__i _;i «"bjjtjJI <u-L_JI» ___ L$-__._>"j ,Lithography j _ 

Jia .oLL-l Jjljjij Stones jl -r-_Vl 0 i<- Images ..L _,Vl jj __ 

.4j_JJ.I jl_J.| jjj__j l_L L__jj1_j ,-L-JI ,«j Papyrus _;jj-JI _-Li Jljji 

_L_ ,4_.L_JI i__jj _J j__jI J-La 4jL («jjSLII _jjL_JI j__i _>! 1 — L_ jjij 

-U ,„Vl __1_ 4j_L__ll (_!l >jj 4jj^>JI 4_L1_JI £____„ ,,.,1 
<4__M-U 4__L1_JI ,-.tj •.*■*. ^lj_e__-L(3ljjVl »U,..t< r L 4j3.jLiJl 

ijl ._>-_JL jjjj>JI ii -j . Inkjet Technique __i_JI >j_-JI ' j-"" Jla 

4ajjjj<JVI oL _L-JI 3>j>^i Chip Structure JjLs jJ 4jKj,1I a jl.ll 

4_.L_JI ~_3jjJo ^I.i-t", _l (3i>L _>— (jSLlj > L_ ___i ~j_L_JL l_$_wl_il ^«jj 

4j__VL 4___«_-JI 4_LLJI ji Optical Lithography 4-,_.j__JI 4j_>-*_JI 
.X-ray Lithography 4jm,,.H 

- 1 1 ,____ 4_.L_Jlj 4j_jjJI 4_l .Ull 4___jJ.I J_>_JI _>_ I 1j«ij 

_JL_ <<L*___>, "CjJ_- <_jl-»-*i.a _,_a I4J Ls J—JJ Ljkj_j£ J 4 ____Vlj t_il j_Vl 

jJo — — (jJjC _j_j La 3jLo i_ilj j j! _jLij_)_». J_jJ __j__jl _mJ° 

"L_I iUII (_jjj__tVI ^L» _JI 4_jjJ. JiLa 4a_j_ (JjJ>-l CjL_jjJ Jj-- 3jL_. 

"ui_" (ji 1 ji <L__>j_f_j Electron Beam Nanolithography 4__jjjLJl 

Dip Pen Nanolithography (j_j _»II (*i_II 5U h.Ijj 4jjjLUI 4_.LJ_JI 

l^_j_)i _i ___jij j__ I _J ,4___ L^J_ij Ijl — __>! JjJ-JI j— _-jl (-a 
. jjjl_, jLacjl ^ (j_Jj ,LjjljJ__.j LjjjSL. ^j--ij (<_j_Ltl _:ji--" 
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,3j 4£.LLaJI u a iajjju Dip Pen ^jottl («A2JI <L_iiSj 

J-ic Jjtij I «i l"i a LaLaJ i^U i ii uIg. 4 i m 3 i jljj J£ i p j 1 ■ -~ L$J>L>. (jja 

I * Jljj^l ^U,,.^l<- j;- 11 j" 'UjU^ p-jt jjj>JI j^La? Ljjaljiej u,\ 

^..j.Hl^lsll ,5jj',l;tl 5^1 ; UtU2j-.;;-.tl.'i a. -,j IM tjl^ «Sll IjlA^ jdJL>JI 
.jjUJI U^jJj&j jl j_^* j-^jl>JI SDip Pen Nanolithography (DPN) 

4jjjJI 3jJiJI i— i^uij^S^a^yAj. 4 j i. m\ JI Lgjljjl ^J^-j L^aliy^inljjjJo 

jL>JI ujj jUtUw ;. Uj-.jt iu-. ...1 , Atomic Force Microscope (AFM) 
- Cantilever (jJ^jKJI ^l a^y jUoj - ^lj jj Jn ,„H i_a ji_JI __a _jj>-jJ.I 
-jljUr JL*£.i 'ijiir,! .Tip Probe _>-i>-U 3^jI ^lAj _ij_u _j jJI .._jj<i,ij3j-LjJ.I 
__!1 jJ__JLj . L> 3_U <_-^-jL»JI ^ .„11 _J_. isjJI 4a_,Li_ 4jjjjLJI 4cU__!I 

^,r»',J (j-»*-''! 3jjV 4jj j-ir« 3jj__) _>-»JJ»J jJI P"^ (« i» 8-6) J___J1 

a j__j .jiajjlj 60 L^liLasj __a _;j <"i V 3jjV1 * juk (j-1j -I »ji _)_jj_La jl LjJ 

_jl_jj_v.j _jlj j j-_ JjsL_JI ___! 3jJ_JI (j-O-U 3jjV -JJJ 4_j_jJ1 ijjjUJI _Lu V I 

4jjj_JI J_L_,_I jl__i Jj<.«"j) ju-J- (> L-U1 Loy..,.. .Ljj ^MjJIj, SjIII 

._Jj_-I SjLa _;l 1 11 (jJJl Ij uiiijjj __J_J ■ 4j j 1 1 <-) j <_>J L_>jj_Ij 

^UI .a_3jjU1 ojl^ J*_J1 4 ,<jiK,^ («V» 8-6) J< il.ll uj_^jj 

«j-jj>JI 4 ij^oj-e-» _) _ - -jrt l 3j.iV _,j>.j_>JI -^U nill jLitjl JMi- (jj> j«jj 

.(Jjj>.i 3jLa -Js — u, ___. Ltij uijj jljJLI 3_UI ,_jLjjj_>. j! Cjljj (j__)j___J 

(jja j-3 J-Zj iSj-- ,__!» iIUII _^3 ((jjj>JI 3jl a» ^\$« \ __l_jj_»JI ajjt j»jJijJ) 

j_l j j uL>JI ^-SLc ^ tijji-^l jJj 3jjvI j 3 jj>U (jjj.jLiJI grU ,..ILi L^Lai 
. jljil (cj^jJI «L>JI ^ 4fTjj>J jj£, (^jjLSLII) ljj)£Lljjj)j£LjJ.I 

Ijl ijjl LkjjSTij JjjJaJI Jjl ^Jb 4jjjUJI 4cUJaJI 4jJL3j jLa ,j.Lc «L>-jJJ 

JL£LiVl i_jl j jjLuaJI 4^aUj>> iijjijJI 4jjjjj£JVI ^jLjjSUI ^ S^Li^j 

dil j£Tj .4jjjjj£Liyi jjIj^UI 4cUu3 2« i^.-, ,..tl JjLsjJI Jl« . .ij3t',1l SjujLii, 

ij^y uJ.1 ^jlc ijJJij .4j<j'il<jl,l j 4jjLjjj£LI1 (JaJI £■! jji .lrtf t J^jj-uaJ ^ " a 

^jjjsjjUJIj MicroelectroMechanical Systems (MEMS) ^j ',ajj£LJ.I 
.Nanoelectro Mechanical Systems (NEMS) 
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^Yl ^l JA^YI ,> ijjLuAj iU^jLJl jl ^il ^Luj Imj • 

^i-Vlj ^yjljJI c-jjL-hSM jL=tjL> Cr^J^ — *j^>" Lr^ 

(^JI — u,Vl» — l^,Li ^j^tll .t-i n 'A\ jJtj ^^jjjLUI jl jll Ijl ^ 

ji jL^sJI Design ^jo <^<'i ^^k: <Un'itl I ju* uiia -u'h"ij .«^^Lc^l 

Tailoring (isTLp.) Jji^m; ^Lill ^ .L^-Lul jl ^JU 4jjjLUI 5,i «H 
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.oLL^JI ji _jljj_Jl cy* _j_II _----l_JI IdK.* -j ■„•. oUj^ 
i Ljjj-»- — Lijj_>-j i5j j — 3j_> i_ j_j_ J.I > Jj_j_jj <_4jjjJj jcjj <■ <j— - t 
_l jJLI iiiU] L__j (JlS-i^lj _L*/_1 3_-_*_- 4jjj_ J_Li_ ___) I (j 1 1 r> JJ 

. L&J- J ji^i-sI I 

jJUjj 4jjj_ J_Ljj- _, lf Jjj_l>JI _JI (_>.-_yi lUoill I 'l i__-L£jj 
L--i!ij_JI L$J (^jjl _g^__.V( 4jJli1__I jljll (_9 3j_lj-_ j_i_ — j_u_J __>ljitj 

_jIjj_j 3j\x*_- Sjjjj». __>L_>j 4_L_I (__j _;_]! j_«_l .<»___ _,jLaj_JI 

.a<j|-iV li 4jjj_ji 3j\^Vi 

4jjj__l 3j\^_«._lj jlj — Ll ^Lul ___>j _L_ i—sjl^JI 1 j jUol <__j 

>__>__. -_>_ j_Ijj ,,,IU-m «____'_ 1 __JI JA ,„'.!,, V jl ,„l J>_- ^ 

:< __ 

MBBs) ,<4jSj)_>JI 4jjJI o_J,, Uj1_ JU-J _--Jlj <3_LL1 _j_jj> - 
,__- 3j__JI 4__iell _j_jJj>JI «j^J _jS_ .Molecular Building Blocks 

— J— Jj\-«JI _-« l-U-Ijj _JJ--- _Tj->- J*l jljil— J_jj->-__« L_j-i_ j_a_iLjjjVI 
.|«n) — _■ j <i i 1 1 L_3j 4jjjL_I J-Ll^JL Lgj-Lal J" •>■". I Lgjjjjj 

_1_ ^l J— __ _l LgJ^—W __« _J_- _j l4_J_JJ «LCJ^L» Jjj J _Ijj - 

. la3.IV- jl jil 4jjjL_l J-L^JI ^Lu 4j1__>JI -jLlJJI 
3j\^_«.Vl _j___ 4___LI 4jjjl_JI J-t^JI _1_ __J_jj (__. SjjuLll - 

3j_. __ll I ajL—jI (J_jj_L« J _u _— (_y_Jlj '(»1 «_-Vl 3 j j « i ^> 4 3j_jJI 

.— jlj-|«jllo jrtt i jl — jl^—ajj^ja 

_j-«j>- __L_ (—il—JI (_»-_jVI ___JI I j _i __JI L__ j-, ii _i _j?j 

_j_UI oL-j'.! ^jj_(_^jj_»JI s L^_j_i_ L^L>V-,.,lj L«^l__jJ_>. 

(^jj-^JI J-J__*-ll 4jj_j (« _-L> L-3 JJU (^JjjL-ll Sj\^>-Vl J jl j_J.I J-L14J 

: U__ _*i_ jj (_ll 4ji3'.ll 0 j-_ f) , 1, 3 i") j . Molecular Assembly 
L__ji L$j1_ _J__j (^jJlj (Positional Assembly _.«._> jJ.1 «__u_t_ll - 

.Robotic Assembly ^jjjjJI jl ^\ _jj_«-1I _,o...a 
.Self-assembly (_jljJI _j_j?-JI - 
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u^»_ii» «__,... a*-_i 

L__ui _____) Positional Assembly _, -__jj,l ^ j^y-Il 5 j ::; " j _ 
l _ 1 JL__1 ___i __!! (Robotic Assembly (^-jjjjjJI jl t-J 5 - 1 j^-JI ^ ...L 

4_Ljj__ ,___ l^^UI JjU. _y> 5^1 *JJ ^jjJI 6 L_JI (> ,___JJ UIti ...U 

-ljjjj .-_l__J _, L_ljJI J<__ll <___ L^-j-sIj-j L-.L_lj_.Jlj __ljjJI . , _1_>3 

«.LlJI <L_,L__ 3_L_c1 (> ^-1 1 (^j^JI jl ? uuOJ __Li_JI _____ 

-j]__ 4j5j)j>JI jl 4jjjJI 5K_^II -___l CjljUr 4j_.|j_sj 4jjj .SjLJJ _JjjJI 
_a_jj . J--UJI jlLojJLJI _?j" i ii a (____ __Jjj iL_jL_jjc-o (___ («X h-"< 1 1 j .ijU-» i 

-JJj jJJJ-U _$' (Jj^HJ • 4 -I! Jj-L^jJI jIjJI u Kj.H LSjjJI pj«i ■«•»"11 JTJJjJJ 
. 4jL_JJ SjjjLloj 4_U__ _j_Tj aj^s-l *Lii Lj__JJ LjjjJl. £-jJ 4j___JI 
Sj_i_-_J 4j}_JI JJ-jJL jjLJI L>.jJjj__ £js l_"il~>-j 4jj__jJI Cjljj _)l JLl- 
L.-.5-J1 ? j-- ajLc i o j *J (j_---LJI j «UkJ 1 JLJ- u-clj .^_aUI _ij-J1 
_,jj__J J_v — ilj ^j_«_ 4_jj_ (____ I^jjjjjj 3_UI __l — jjj-vj Liiljjj _;_j — _JI 

L»4_ 'Lj_w__l _l jll Sj_£>.Vl JSLjjJ Internal Structure 5 jl-_ljJI ioiJI 

J__3 'jJ.i«"H j->- _)lj . L_ij__i__> jl L__L_j| (j_^l_La _jjj_j L^ol_«__l _j _L> 

(__Ji_j->JI ^j i i 1 1 3j__) 4-__ (jnV «l i _;j II __-wjJI 4jj__u 3j__]l 0 j-A _J )_s 

_Ji <_)-_-lj j-o-iLLa ~_-- j_ (___ J____!l -j-jj .Molecular Manufacturing 

jj___jj_ -JjjI jj^ _JI rJLJI _J| i(__jjj_>JI «_ti___JI (jja _Jj)jL_l l-j^J i_VI 

. (26) 1981 j»LJI __a _JJ jj .Eric Drexler 
j_> 4.1 - ~-I"im ,,<_l I j__ ___ r,UVa (jj_l ____Jj - (__J jj— jj_ <<_sj-l ".j 
(jl .jjLJI L^jJj___J SjSLJI 4i>.jJ.I _JJ3 ___ »Lum_JI j.L_1_. J___ 
_ijjj_j («_bj 4 1 ii, i i_ll J «ilr (jj» (« ()' a j-a -Vjlj _rujLjj-li («-_«L_ i_l Ijjj 

Ljj____ Jl_c LU Lis-j I __v5La I j_k _)_> . «J-ijj» 4 J-^J-**- «JJJ J _J jJLJI 

5j__ ^-3 L_Jjj (4j_>J1 ___-j L$i» 4jjjJI ,4j«>l«1l _jlj_JJJ,l JU-.I __L__L>J 

_>__lJI j_-i ____ (JjjjJj j_> Vi i j_. j___j — t_ij .____ui (jj-_Ji _><3 __l_ji_»_ji 

j t- i .i _ J .(_,Jjj->J1 ^j i , ^i" 1 1 4j__j ______ j»J-_ _^«J1 3j-— J1 (j_a SjLj («l-^JJ p.i " 

(JJJjJI (*4--_j- _rt-j__L i4_J__JI ^JLJI («j_uJI L&jjj_o l-ijJjjjI (jjs _Tj->-l ijL 

jr l_iV 4nl"Vtl _l jil __lj j _^ J-__JI (> .^jl-JI j__ (_l jJI ^ jjVI J___JI j 

.ic^ijl 4j-L A j__I _jL_jIIj _j_»__m _y. ___Vl J. l_ULI -J-ojj». 
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|-bllle»*J»--i 

_,___UI _>_>4__-j_.l iiUj .Sj__ j_ J aj._ ) 5 _'t (^JLLaJI __*L-!I J___,jJI jjL>_ j_sj 
«^___JI J__J j_JI» j__ __JI (jU_-Vl <>* jj_- ^ J_*j ^jJI oUll ,_-_JI 
449. (j_a 3 111, ligllj *Ljx_JI *ULc _ruj *U».Vlj cLmuSUI *Uic _ru 

_>jjUa __II L^Jj-wJj 1 j_iUJI U_wjJjJ__ -jUcjji J jlj-II J-lUI _j»J •_~J— *■' 

Jj_- jjnl^jjsJI jju j^IiLSJJ I ij__ i____>UI (jjJUI 4jLgj IlLo 4jltiill CjI nj jU~tl 

_L_JI j___ll ojLlUI ^ t U_-Vl j >lj,.<ll *UL_ Ijuj „>Jl_ .. ... .-•■t l 4j___s» 

~r~»»*i __I| ^JUJI _j-y _" jJI j_Vt .4 1 11 1 igll j *ljjj_JI »1 olf jjjj p jM * .". I 

I j-_ _)t (__jj__JI _yoj . jjUJI L__t».jJj__j __L_jjJ__ JL--« <y- £j i_4 -jljUoj 

J_l L_jVl _-Jj 1 jjLUI («JLc ___ "jLjjJI JjJ ,j_j jj__- J_j 4_t_j jJLlj Jj »JI 

«^jjLUI _,___J1 J___JI» 4jU __lio (__JI j ^LUI ,JLJI ^IjlUj 3 jolttl 
^LUI LUlc jljJj <__ ___>. . Jjl>JI IJ_-_,i jjj.JUiUI ~jj_-Vl olji ,„tl 

(jjjj__JI jjl .1 n~if I lL ,in> Mitl ^'iiiiU ___- J . U*jj_G jl __5_j _'l ___ tju JJ! 

It n«*>j jjUJI Us-jJjjSJ)J j«Ic. _jL> _rL_aji,l _>_> _>_9 ._"ljJ1 ' 1 l_3 LT^J^J^A^ 
, 3 ^l",-^. 1 1 1 7il . ^ ■ — ^_". \ ( LJ i_jUJI jjUJI L— j_-jjj___ .".-- ".*<*. i " a ( >uj_>— — 1J '^' * 

ji jjjJI lj-4 jJLus i»jjj JSLJji^ L_}U_I .__*1*JI ___*jJI ____ 4_"lj__ __J 

jjC j_>-ij (_£- jnidir" -L^-JJ Vj i Laj-O I inif»V> L_s J_J (jij 'JJ->J («JoUj 
,jU_L_- L-Jc ,jSJj .3L«_„I (jj» 4 ,,,n\ jjJUI UJ Cil.n.nV.II 
Ualjj-J jj_j ijjjjj». VI -_1 minTi J-"ijj) ^j".t i (jl _,<>lttl ( *•■->■ .11 JUcjj ,_yj3 
^jC I '. ...A'.t . L)jJ (jij 4jI jj ^laJI ■ ■ — '■ (ji iijJJ jS' i^jlj • LuLuaj^aJejJ LjjjjJijJ 
■ 4jjjj9 jl 4imVi* ^JI if\a ^\ (JjJuejJ ^njlnjj 

.-a^UJI Ljj^ij (^l o jl (^l <_jl; ,„Vl («jjSJI ^jL-JJ j^ji ji LU jjij 
tU>-Vl j «. U»jSJI j sLjjJJI (jv« ~-lu,UuVI f jLlII ^jJal (^JI (jij^nU *Ui»JI ijLJ 

u^jJjjSj Sjjii u>t (jic lJlhsjj (ji i o~j"- -ij jjuii u>.jjjj__ _;jj_>. jja. 

Jj____J L^l_jjj>-j ~_UI -jljj ^j-h--»— 4jL__o jU 4jlj_JI ___ ,3__j LlLtJ . 4_jj__ 
I^j2j 4_)jjjL_ 4jj i_,j ___> i#_Ujl jj_ijjL_U jt 4-» j -. - _ (jx. jJaJjl (jJ-iu iU ~|_-~ 

-_JjVl jljJll (jV -J_Jij .(«j-l-JIj UL» __jjl_-JI >e _ jMin-.ll jj__ JS L__-__L_ 

(j_) 4_j__a_a _,__ 4_Ujja _p,l — _,Vl ___ ___) <_-—) _"t ^ j m n" _, — 3 4^ Lj-ljJI 

4jL^JJI __- _____ _>J— J j_a lj.^-_' c___L_L_jj >"<t «->-) i-l)ljjj_>JI jl L-ljj II 
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__!_ ,4j,.jI-"iII JijJ-JI «j_- J_ _,l J-xi.4jJcJjht.JI i_>jimi 3jUI J«v jft 
_?j" i ii « (-ic 4_jjjjjIlSJ^? I 3Jk£». VI (J-L-J 4j_li__ (_-- 4_»ilV"nil Ij U_o 4ibjj>JI 
"tLalSJI lj~ _>->j-> (___ Uj-tC _>C _jL_> JS! _u jjju .^^cL-u-JI _L"_VI 

,U1_JI _jUj_J_J U_j - -___itl JSLa Jil_ ^jjJI j ,„;ll ji ^j-JI _J__ 
i"_j___ £_ljjo J_»_ jV --IjjJI liilj Jj_fct- __-- I $jjJ-> (»J-cj _ _t__-LjJIj 

.3-UJJ _;jj-l J^J^JI (J-*-LlJ 4_J__iaj 4jjj_s 
_pa 4rtl"-Vll jljil i_J_u)_w jl tliljj __jJ_jj __3 Jj — i_JI _njjlja /yl) _)l_j 

jl _jljj a__j_ "__j1_->. J£L_> jl ijjj J£L__u_ Synthesis jjli-j J-^-5 

_>c i4jjjl_JI JSL^JI i_ll_ _>J-i-lj «LuljajCII i_t>--JI |»>5j • -Ijil -iJj -jl Jjj->- 

juu-Lic -J-ujj*. ji -jlj j _,__ 4jj1>_,I 4__i*J,l JjJL>J.I Mixing Jaii. jjjJa 
Iju-j^.-^-iJJ 4jjjLi)l J-U$JI eLu_jlj_-j_ L^l _______ I jIjj_jL_j_o ji 

__.j__jji-ujil J_wl__Jj__lll ( >_j_aj>JI ji_j|jjJI_JJ_J"__ 5 j__l____L>JI 

JcliiTi'"! I4J ji ,_jj__ -M SjUI __Ljjj_«. _>c 4__wLj 4j_ "_*___ 

4J 3jjJ_>. 3_La c_->j_a 0_uj_«. i_D j (___ "ujSLo L^J _j___J_S L^jLuaj J? I gj_a 

.3jJ_*_a 4jjj J-V_ 
_>c 4^_L)I -_L_>-*JI _)! (-_> , jljil 4 ..„>; ■ . ^Ulcj (jj^Ljj_JI _;jjj 

4____,l_JI S.Ul! 4jj-L_I 4j_JI Uj_sIj_ J___ 3 /.I.,,C1 I _jjj_j| _____ 
4-c i - ijijj_ T -_>j-JI <>_, lr 1 ili"i Random Fashion __jIj ___ i_>jJ _/l> 

l9-_>- _>-- lA_>-»-' _— fi-a_JI JjJa ji »-_— Ij-^ u___J .(-__-__) i____uj_JI 
_>__ll f___l!l l_J-_p ^jJ.1 0_u> ji3_UI__ljj_^j____Lil J-UUI 

_;jjL_l _J<j_ TLj 3j____j 3jj___ _SIj_4j ___ujj>JI __Jj Placing _-__j <___ 

. 4_)jJ| 4__L_ _j| j__j»J I (j_s 3 1 ■ -1 ■ ■■ 3 U . 1 i_JJjj .SjUJJ 
__9 4^JL»_ — -JLI _____jil j_iaj«_JI "^ — SjjJa ,ji __ll I — 1_> jj — ii _ji Jjlj 

U_c i__iij iL-^yic Jj___>JI jljJLI SjUI J<j^i _jUj_vJI ji _jljj_JI u-jjj. 

Undesired Uj_ (_|jj_;j_j ^j_; J | 3 Jj____a JUC _,"j_- 

ji (jru^ j_a ji --j-s jic _,Lp.'. I j—a ju__ __. _j j_*j L___ .Reactions 

__a i-jjjijll juc _j>U.L__JI i_Uj ijJJjjj 4j ijIV.1I " jMjnj^yll JjJ-JLi >-ii 
l^iniii- (jliej ,4jjCjjj juC -jLSjJ, -jlujjj*. _)J-J _-ll JL>JI 4<jiUi L^jjJu- 
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»-U1 

Ji*- ijjL» ^jJj ^ jJi j_«Vi . jiuu (^jAlh^' J^Li ^ai^ 

jjjU",IIj j -~, ^^JJ ^,, |~"11 (jl JLu ■ (jjiU"ll Jl_C 4jlj1 (___> . ilj U ,y.lj j ______ | 

^JI _£jl -L3 . fr L_>j__tl («JL-. ^iS 4-9j___ll J-l l-jJIj __iL___JI j-l lVi ml (__) 

Ji-lj (___L)_»J1 i_. j*ij-JI 4J3J (__-- 3jL_jjj .4_»j__JI l-jLJ lJI «JLLIj jl i__-*jl 

• 4j_wL_,yi 4~,il<- ^Liiejlj c_j_<lL«,VI ajj*.. ___> SjjLc ."LjjLJI JSL^JI 
^jjjji *i n-ii r t • 

S"_£>-Vl J£Ljfc ^ jiimjpj <!■>-.- ĕj_L_S Jj>->- _ya J iiJI 4-JI «1--I .-■ IU 

^-»•1 i**ia q r-iiij (_^jj_*i 4jj_j»j i4_ij_i_-j £-llj (_-Jj JLi- jl j-J-k Jj-***« __y» 4jjjL"JI 
4jUr «___« 3j___JI _■__& jj "* — "■ (___- J______tl _jV l_U jj i^JsjJjj «.IjJjiJI cUic 

lj_- jl (__JI -_9___)VL I j__ 1 jjLJI La.jjj*<"j ^-Jju (J_--J La JSJ -jSLojs (_>"-L$-_-1 
Llil -_■"'. 1,1 4ju_jj_JI 4 ii*)l Ull l_L_j ^yi 4jj mmII (jL«j__ (___tj Jjnj.n _)_> J Miiill 

4jj__j 4_ijis 4____J Jiu_LLu _)_> ^jJI jjsVI .j-.jJI I _ « i Vi i ,i'i (jUI ~j-_uJ,l 4jjjLJI 
. Jj_Jlj_ r J_JI £____ L >--_-Vl w ^j.3^i-*-tl a.^.U-.l l l_,L_.LL___J J-1 

^1j__)L «lill i~iT jtl ^_fl~~- o «j 1 1 u<JjJ L M J >_' » L-_-l3 Jul- . 1 iil iii Lj_>i L»£ 
JL-C.I <j___3 __Jjj .«4_iie__jlj)) 4ji-tJ 4_>jj _>--j-- J>( — i. (jx 4j j-jL_j 

jL-j .1981 <-__] ~L_L__j-«Vl -j_*_dl ldL^jJL «"uiLjJI ^jitJI -_u>jjl_:i>, j^ 

-_4_L_JI 3j___J1 ___j . -ii_« ___;V (__^j__l-_JI ^jiinill \u~n~ Sj__3 4_JjjJI tf _-_. __3 £ _>__<l 

l_iLjj)j>-j ljIj j ____. j«jL5JI ^jii^-."i1lj "rLj"5/l ___. jjLUI l_^jJj___i kj Loia ___!c 

Molecular «ljL___k>JI ^ ji.n"! cS2~\» _jl ■ *-j< Iju» 4l*j Ja (j_u jlsj .SjLJLI 
_£jjl-_- ^Lojji-.m Living Systems «4a»JI ,-JiJJI» ^ 5jj*-jJ.I Machinery 

«<La lrt~il,l 4_uj3j-JI 4 luJlIjJI)) oLiaj ^jijio q£. ljLj-CLLI llLu oliCL-tAJ ^LlSJI 

4jnl;Uinl LuLj<La^Ljl !;;< <i"(jUI Advanced Molecular Engineering 
4jjjjj»JI cjUjoi^-."i1l jlScIj jji 'ijiin l C j"L-.i,iljj^jU"iiii't .i^iLijs Aitificial 

. Jls-IjJI jla jjLJI 4^JL) LiUjj .L^a-Lijl ___J3 l_i jiijll 
_j_ujj_J1 L-iLjjjjsJ l^ — «j<..rf-i~i I JlA 4jJajJl ^jJa j I i n<__j J ___,Ur 1 Jl3j 
4-_Jjjj>JI l~jLjj5?j~JI ^ _-<--_- I j ii ;~l j (<ij ti i^i~) (___Jj ,__v__jl-JI aj i~c I i(J LseJLI 

3jSjn^1l 4j1j_Jlj .4oj»JI L>L>JI I 0 A Uj oljil ^j^l ^LU_l_,VI 
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j! 4jj jJI L_^KLia Jj1\ — i: <-3j^j S jLU cliLIj^»- j l-jIj j ^^.s > . r^LJJ 

t(J aUII <±.-y .11 ^ «w-ra jj ...'yjjJ ^jj! JlSj .4jjfcL"La 4iju 4 jjJjj>JI 

^JjjJI Jjjj 4"jjajJI 4jajLjJI L-jLasjjJtl (jjj JljJuJ 4j LuJLlA l-jI i <Vm 

^.1, v V~. . .iLj lg"Ujfli>-i' j-us^j f\Z ijjjuijjl o^Lj-ajj Bearings < ..I-nIIj 

^jiajjuj .4jjjjj>Jlj 4 JjjJI J-?LljJI jttj i ■ <ajj 4 i^>L»JI "l_?L>Jtl -i aljJ 

4jo ujIjj Lj)_vl~jl I ~"nl,l ^j-a ^-ill jLajJI ojuk (j-aJU (9 - 6) J-v — jjl 

^UJI "uUj J-ls jl .ai.-ti j r.-.u .-.i j; ...t i J>L>. a^^ji a ... ,; d n 

IjUjUy, U luj (10-6) J£ l°lJI ij^ij •ji j ^> c ,i/-i°ii (j Lc. 2025 

.Molecular Pactory < ((j -jjj\_>JI ^imtl» 4_Ji_. jjlij l-3s-_- LL L-u-ol j_-al 
J_TLjjjJ| JjS! — ijj ^j 1 1 Ljjii-ljLj (ojj ' j j 1 1 4jj->La SjLlc jjk ^jJI 
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4-_,tT-~inU Sj^*.- 1 ! 4_ Jj 3j Jl_ __a j <w i ii I, I j_JL__J1 jl .*L_1_JI Jl__*jj 
L$cl__jl 4-jjj- SjLcIj .3 "l~Vtl jljll 0_jj_>.j ^'j 1 - 1 ^ <-r--^--" er^ 
_aj_, .S_UJJ 4_J_-ljdl J-Li^JI .-. K ; (_a Uj^j (j-Ulj 5_J_-IjJI 

.4 ili/-»n _lj__J (_"jjJI i.j~j~JI 4_Lj__ SjLcl _>£. 4j_ l_ iV L_- j n"n 

.3jL_-ljJI 3_UI (j_a SjU-LC JJ (_L_ Jjlr-l-sll (__=. 3jJ_JI ^ I _- 

,<^Lu»jSJI I ii^ j__jj {_y& ^__jJI _,!-•■ i Lgjl a i ,i j I g i I j__ ___ (jjLpj 

_-jjJI i ijIjjJI 3_l — cl dilji"", ( njU>jj . I — uajl j tVi i 1 I j Jj — -_U _>_J 

__>1>-j sjjj j_ 3___L l-U-j Diamond _>_UI <_lc Jj.^itU _. 'ijjjJl j 

4_J — __i _-_JI ^ylc (jj_— ^ .4jjjJLJI I <fi< i — _ J_-l_ (jjjj_CJ1 i_iljj 

^jlj — _, ^Liil i__Jj_> _>__»__ i-aj — -jj . 4_Lj — __II f.Lli ,__ (_>_U1 ._>lj j 

s_u 4j1__i_ji 3 jojl ^MjJi _*_■>_- _>_ 4jJVi i,, ,,,Ijj>ji Sj-hr-i 

l^SLjSlo^Ji-. ^iojallj (tlj^mll JL-jJ_, nijyjl (jjSUI) Kjlj inll 
_"j_»-l jj_-L_C i_)ljj _>_ 4_i___> l ■ ■ i ii l 4aL__j (jjJjJo (jX. -UJjj .4ol_-l__ 

.jljll^ 

j-JL-j _" jJI __xj_>JI ^j-LuajJ I _J-__- (__-- S jjjST —jlj-i — _■ j_J 

tj_ ini^V'ill cl aJjtJI __a 4_ujl j-l_t ,___- .1981 j-L_JI __3 jj i m<jjJ 4j 

(jj» j_-l £j— > jlS___jlj -j__-JLl lj_J- _)1______Lj IBM 4_j___ (___ 

Scanning ___UI ,__---J1 i_jj___,j_>_LjJ.I ^ t_Li __>j_u c.Ljj-L-jjj-LjJ.I 

(^jJI .c_jj____jj_LJLI 1j__ _, _~ ijj Tunneling Microscope (STM) 

~Jj_ (jnnil .« 1-6» J_L __tl (_, - 4j IjUjUt-" Lo l_j L___j_- l °i 

__lJI Scanning Probe Microscopes __.UI jL__J,l -jIjjSL -^jj-Ljj» 

. L_J i_i 4lc Liiij_>_i (jl |jj iii (_;_JI i4jjjJI SjiJI t_jjSi i_ijj_Lt- (<____ 

(> *Ui_JI j__a ^.Li-JI (j__« JjVl J____JI ^ U^j L__-j 

-^__.UI cr ---Jl^j<: ,,,jj-Lj1I ljL^S.j-^l4-u_oJISjj)H< n jlAj- 
J^aLjJI «(jj-jjJI)) j i^i ir dlljj JoLa-JI _)ja (jl i , „U jl _)nT-U _______)) 

-Ua l_ ____ _?j_- -"l jJ- Sju-I j 1 3;J~j" Sjl_.V 4jj-Li_- 4_>_u L^_jjj>uj 

L^_i1j_ _ajj_*j LjjSLo 4_j__JI jl_u— L_a J_L __J . JSLjjJI j_a _jLi 

.(7 - 1 J_-_JI) 4jjj_ L-jL-jIj (jjjj 
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»_-1 !*,_»___ 

■ 'j^ , ..jjCjtl IjlA SjJlA (— — ■ i3ljj*II <— Ijl Tr"ll £J— j i— i ukjJ -^J 

jlj-a-> 4j_>L>JI _)ljjjl ^jja | <V^ _J_, ^ J«> j jjb JJJU ,»jJaJ (jl — fl 

Nanostructured 4jjjlj 4jJL> j_al _U jj .4_jLi~ ,j__.l j_i. L$J .4 <il'Va 
__JII ^jjJI _Kj._ll *LxJI Ijla .j. cj-^jI (1)5 L— Jjb . Jl>-Ij lSjj JSL^J 

^"i oT) 4jjj JSL-uj. (j-J - Lr'! lS-^J.! *— J— — <LI jljll — )ljj (j-a f ^ ' ^» J.— (jn 0 

^jjjl _,^al'.-tl __lj >JI (jja JjJjJI 1 jj» ^ «."yi — _-p- «SjJjJa (j_lj \ 

j ■ >->! ■ * (j— —9 j-»J < J— II Jjj-— • — »-'j l£J j J^dr* <__•—' ' - * " 7** J j 
£__j V 4JSJj <l£jI>»J'j Lri>«— ' Jjj— -J-I ,_- Lc 4_jL_JI 4_jjj_ (j__L_JI 
(j-ajjLjJ l^jJI — il iij iU"iI1j I jj <i i a 4-aL.T-"i ojI («suj (_,SJ 4i_Jj 4jfll_j' ajj^ 1^1; 

4_C j ■ ^-.^. |»J_,J ^J__JI jlj ^" ' "I (_fl Jjjj J—l JJ— Jj* ."."II ^___1__ ^_l__j_. I 1 flj a 

(jjs 'j« " 4 1 1 m'i I irii*,-il jj I jLa ,jSJ . Jjj <__uJI dLljl ,_fl _>j__ii__Jlj JS — <__! 

4u>-jL>JI Cjl_.Lif».jU (JJu-ajJI ,_9 4jjIjj__j i_fljj _J < JuJl>JI jlfl —lljj 

— I jj I j 3lj__J 4_Ux__>jj (_,,__ 3-Vj-v- ____.|j_jej 4jI j <_j_jJI ,_-3 o"i_i lSJ Hj 

,__> I j__» j_jj (jJl T-il l j inir _ilj j (j^a L-klJII l$J j— Jl JSL14JI lj— II 

j j < i " U Jjj— jll I (_K»lj — s«J ;» " o"'"i 3--, j -l -> - 4_jjjLj jl ji 4jj j J^L-j- ,<u___> 

J___1L IjukSL^L-l jjju^JIjoIjL^^U 4__L_I L^jLSju a\lj£ 3 
I^^Lj (j^. P 9 28) 1993 f L.JI (> t ULJI (> j^T Jj^ 4j j»La L« ^ _b 

|j__.jl_LJ l j___ u Ll,| ^<^:ll >_jj_v l-jJj^ jtl jL^_>- 4__a "iljJ (jJj 1 >-» 'n 1 1 Cjljju 

JjJl_>JIj (j_uL_5__l!l l_Ij i^it* <_l)ljj (j_« 4-_JJ_a 3jjj_fl 4 jjj 4_<a j U i a tiJ I jj 

. 4_flj j 1 n a ^j__, 4 j ilSLooj 4jjLj_j_3 ^^csljieJ ^"1 0*" (11-6 JSLilJI) 

4jj_4-,I i__jlj__Vl l£_J: ltJI i_ijS! — l-jjj-SLjII I juk (____.! 4 (j;\j>JI _Uj (j^j 

jl LliljjJI 0_--«_t_s LL_b jl____l__j) _j| <( it_J,I (<a _l L—^yJj.. (jJ— — lt_ !l 

_U j j-la j_»-^ _II ^jl_JI (j__a (*_jJI (__. j . Assemblers (_jL_bj_>JI 

^j ,U-,tl ^La! MjjL Jlj La (3_)j__l (jl Jljj lI ju_ L_ajj (_II ^_Jjl__l 

c"'/3 - ' 4jjj_ jl jja ^_jl (j fl 4-a-J_uII oLii_ijJI __ll 3 t ______t-J 1 4 j_L__JI 

(j^o 4jjjj__VI _)_-L__JI ^LL_S <>Jl_L_j _j_o («ji-jJI (-— ■ Ijuk .4jjLi__I 

(j_ 4jjjj_xiyi Sj^-j-S/Lj 4 _>L>JI julj^ J.JI _vj ^yj. Sjrijri-- 3jiit-> 

. — j I j i ii" 1 1 _1_ (j_a (jr-i« ) l3_L>— 
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_jj-»JI jir->*ir Cjljj ^jj» "i_Jj\^t 4jjj ObLa j o 

i._„__._-w 


..Utll^*. 


__.b>__l _ mi .T Ctljj _h» 2l_TJ_I J-^ll 5__U 

J_j_> iu_lj_l ^_*UI ^rT.II^SL-ijjSLill "lU mljj ajj_.U "»j>_a :( 1 1 - 6) J__i _ll 
^ ^ .U. L >JI j i fi' i f _iljj Jj__ 4jjS_i Aj^jD _jL_j__i 51 tnit I __l__JI jni ir Ljljj _-a _aJJjs 
.28 ^ayi «jvjILi J>»j*.l _±_>VI J__JI _i_ jj-JI ljUS-I lj_ __j_ _9L_i 


<___»jil __; 1 ~ A ^ i<~ ^gultljl Obj5Luijjj*.L« _jLl__j i_ijj_,j Ljlj_ * 

LljjjjLjJ L^j.__i4jjL__ t « : Jj__l_;jL_*lt^Jj_^ l-_(-9 Jjl 

^jo-irlll 4 jUr _j3 4jj^jjj--_iLU jl j i ii 1,1 — jLi j^ M ijj ^sja — jl ji i i*i ^l l-i-lin l i_jjjCj 

.-__!_ 4jjjjj>ji ji^jjjjij^i^i-^j-j-j^ji ji-jijjjj^ijji 


__s I /j^Jj — ~J i4jJj__I _jl_jjj>jl j! CjljjJI j-js JjsLuJI _Jj_ 3j__JI - 

.^jj_>jII r^ij n _a~_J L_3j L-jjj^j (jSTLai cjjJjjj jj-I _JI (jL_js 
"_J___a 4j___,J_j_ JK _i. 4jj_ J£Ll_ *_j ___ 4__L_I 3jju_l - 

_J_, L_jLL__i _L»ji jj)j V i jLu . I ijjjlj j_l jj 4_j_» _J_ 4_u_jj 

.Sj_-l_JI SjjJI jJ_- 
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>-_JtL_.»j,___ 

ljs>j__TI o 

i j__ - j , ,t',]\ j\ », ,j| — ^ i^ij (j| j _L<u (jjjjl J J_-jJI J-JI - 

Jj^ ___uj_>Jlj __lj jjl -^j__>_i jjl j_b .__!L>JI l_t iXjj 4jjjJ_JI 

____ LgjU>y; .ni^jL^u^.ij^t^.a-H^iui jfl-jjjii 
L^i j____-i _>_> juTujl, j-l»j v i j_»j .(__l___ji ^iayi ...» 

(<uj V ^lll 4_u_>jJI 5j\_-Om ^j^JLil 4-_j_jj_>JI J-ij_JI ^inni ___ 
. 4 11 V i 'n Cjljii^t LjJ».__>I 

j_>> tP! J ( j— j ^ _>^-* .-_-_.lj-ll ( _,. . -. v m . I I ^tj t?— 

oljjJJ ^ j-o- T O 5j — __»-t J ■' ""^W (ji J_>__il JjjjJIj J — ,J->JI _>« 

4_jjjjj £j jl __ic |_$j____i .'"ij-M »4-_J_C 4_^L_jJ 3jJj3 __l j t_jl l)j_>Jlj 

yjS^ ■__)<_- (___>. 5_j_>-jil £jjVl .___- 4j __. .5juj__ Robotic Arms 

J___JI) ^ 27 ^ jJ___jj j LjJ 4tir>j _$jJI ^j«i i,-i"1l --_> Jj-ujj ijjjJI 5jjUI 

^j»Vi __ic Sj $»-Vl 5jj_a 4j_cl.;-i~ (j— - L$j _j <o"i1 .(12-6 

— _Jtl __ic 4jjjjj>JI jt 4jjjJI J^Lijpl L_J <__JjjJ Ujjjjjj __.|jjjl 

ij^, a-u-.u 61*j>u a^jjji 4___j__li jU_i (_->j. r v,Mi ^ ri-.-n 
»i« <Vi L$jJi J-.-UI ^'j--- 1 J— <>j <___H_-jii 

(^-jjLj- . L___-J1j 4jjl_»J.I __>jl — _ut ^Lul -_«j .(__j___j11 -_i__*_JI 4 jin" 

J__Jj1 (3 " _-J ■— <_J—I' _-lljl->jyi (j_0 ljUJ-> __IL__> (j-J 4__J ___C 

.(_yjjj_>JI jt ( jt i W jll uJjjJI -_t*_t_JI 5j^£»l _>-« 5jj____oj SjjJl». £jj-l 
^jjJI __>Vl LU JL_ L__j . LJL». -____V_____1I Sj^Vl *1jt j-jj___j 
jj i M j^jj-jJI — j j j t" 1 1 I j_* (_l.i V*i i nl (_J jL». (jl — jjLiJI Lj_>- jJ j___i j ^iltl 

Jucljiij ,j___J (jl_> .4fCljjl j_Ja___,tj 4_ij>3| U L5_3j» :(jL*jj_> JjL_L_jj 

jJj 5jj k.Vi _uVLi 5jjL_XI (jjn-»."! j-L-I I ajLc i n 5* ^ .«1 jjj__I1 

_jt J->-JJ V <-»j-_ 4j? tf-U_ 4_1oj>- (^,-1 (jl oij'l J___w_jj .^^^ «(jij i_Vl 

^4_u_l__«j 4jjJ_>J1 tLjjj__tl J__1 j_> __Sj_jLo (j__ --jj_>. jt (_--_-- (j_a_)Lj_ 

4j__L>J1 LjjljjLL-j I _iVjL_e_« _J__jj I - -^jj ^La .j<__JI K .'.K,-. 

Ljjj.1 iV-.M,1joljjJI -_Ljj->_; (_-JI L-Ujj (^l J . ,,Jlj J^JI jL*jLj 
. .IjjJJ 4jj jJI JSLaJI t L_j oLlJ 
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_^*_t» c l_.U._l^- 



L_3a SjUI Ljljj «.- » - Jj> l_J$U jJi J%*J' 


}^)£\&l^ri J SZ^<^ {27 ^jL~Z iJ 3 4lf\aja ..... » (Bji o.rt"t :(12 - 6) J---I 

L^ji^^^joij^i^^iU^iCi^ajj^t^jjaiii i^j.^j'via_J>jjja 

(_ r i_»VI J___lt _J_ c> __ I ljU_JI l__ __>. _5l__>i) a_u__ jljj;i J__l_JI £i>__! 


- Marvin L. Minsky __I _l_jLs» jj l-j-jj-JI j^_. a_j 

«jjJlj - ;Uir>-M *L_J II JLs_a __3 Sjjj i ^_JL_J 1 »Ulf. jjjt J_-l 

"Uj-La __fl L_iLljj_»Jlj) _jlj_il (__jjj_>JI _____> jJU ^j, o -r~i 1 1 ^j___>jja _>_, 
4_j_U J__>Vt ij^iJ— "T jj-_ (Jh«— - -. i — -J Lijt ^j—jJjjJj» : L__j_! JL_ .5jj % i"n 
i"___i_J.I L_ljj_J.I _l~ cjLjjjLjjj __1_ |_$j_=tj _;jJI i^JLI J— _« 

3jl— >- _)_M ^jU* i — i V i~Uj1t-.ll "LajjJLLi I i-»-1 . n'i (jjo («— -jJI t_L-j ' LijL_ 
jj i(j_Jj -~Lj_j_> 5jj9__ __a cjLjjSUI —JJj (j_ (jj--« J- eLLJ jL>jyi 1 j__ 

dLu __!_, Sj_L3JI "LjJljj l_JI ol J-J.I J Sj^*.VI (j_-j}L~ LujJ _)! _jj__3 

_j_1_j VI JjJu (jJ l_i*4* o t La *3j__l jJI ~ui__l ^s> -jLJjSUI _aVT 
« lL_o_ L_bjj»a 
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4_L)j__ ■ ~<\.:~,~ 4j £____ ^jJI l£jI__u VI u 'i"~A\ _ljLiVI (jja j-CjJI u lr 

jJj 3j_-I j L^jujjjj __l jjj_>JIj __lj jJI i_j jjjj (jlia >_,t ii->jll _ j"*r"'^ 

"■j-; 11 4jjjLj JSLj» (j_a _)j--il jlj II jl^>JI JS jj __■_>- u-3>»J -jj-"'^" 

"j_s __>" ___j .___jJI (j « jj'i<lj Ijoj^ U $y i m , IU'n .Nanostructured 

J>.l (j^a c_jlj_aj <_jlj_a L_jVjI__« JJ-"- 1 '4jjjL_JI i»j£>.VI J_iLjj_ L$j_> ^ii^ii 

jl oljjJI) jJ___JI __a 4__ufcLnil ,-j__,Vl uUj __ic 3_i__qJI LjjIjI J± jJa 
• _>_— > «aj^j _jjJI j ■»■ i 1 1 (___- L^jI * «i Jj< i'i"ij) L^j i__cj_JIj i(oLjjj_>JI 

C-IljJI (___ J_Vl __L_ - J JL>.Vl (jj> (j-ujJl .j^A^I^-j-ij^jJ-U^jJI Jlj_Jlj 
--__>. Jj-~- <i i ______ Jj____-JI jljJLl 4jjjl_J1 4jJjJI Jj< ni) I i< «"> La I jl - (jJ-ljJI 

Lg_j_jj - 4jjl_-i_jljj(jjo L__l__l l_j_j_j - 4jM jo j<11 jljil JJLa_a(jjj(jjJj)J_«jo 
-ujjLill J-iL^II j»ja__Gj _in< 1 1 I (} i>>t i L^I_jjj>. j»J__aj (jjj— - 3jljL |»JJJJ __-■ 

"bL».VI .jLj-t-JLSS jMjoj<1I L^^-L-j^^LJIoL--^ 

tLuJ -___L>JI 4_J_jJlj _Lg_>Jlj ___jJI j_j_>JJ _— uu -JJj _|V '«(«J-i» u _>J_— — -J__i 

_$_JI cc,____JI JULI» _jjL__j Personal Errors 4jj__j___II *U___Vl _,_}_; (__i«j 

. cc U__Jlj 4J jbJLI » i_j jL-? _Lul i.n-mj 

1 j j__3 (j£. 1 jjLc 4_ul ihII 3j___tl ___ __!jl __i (j_Li |«J _jl_JL>j 

<L_-l__ 4jjIj<ij< 4 OJjJo jL_-jl _, -) j_->Jj>4>- _-j o-l (j j jJI »1 «Jj-II 

_L__jV 4_jjj|_JI CjI — j-jJLI — Ijj JcLijj _j — a 3j__3 ____ |»jj»J '4 — jl ar j 
_j___*_JI f> l_Li C__ jjl .4jjjL_l JSL^IJ ____jjjjJI * Li-jJI (jj__ __l jjj_- 

ju-.^-L-j (> -jjj_>dl .__U__Jl (jj_jj j_jj 'Self-Assembly_, — :l jJi 

'y-lja.^ll (-_-j j-UI ,«JL_JI L^JL- (___»! ijj-iii-wULI 4i=-j_a (___ ULU c_S _ji 

--j__>. ____ J__>L>JI Jean-Marie Lehn «_n_J _$jLa _,_>.» jj -jj^jjJI 

4__j i_u __Lai_ ___ (■ I j 0 j< 1 1 <____>j (ji_- 1 1 987 |_L«JI «.Lj_m-JI __- J — jjj 

jjj_u>- 'LLij ij___1___ c_al 1 nlj '(-—-Lail l_iIjjxj u-l» :L^jLj .4 iijorj 

'(j_-j-ljaj<ll fuUk 0j___- j-UI ^ __Ul__l .jj_ C_j_^ UjjJ 'ccji'-. ,„n 
^jl Jjlj 1 uo j ' - p jg j * ^ A (jy— 3 ^-^rL^^J (J-TL-id-b * ■ 4 3^ a Cj _tJlj 
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^jjjJaLUj j«-$_L_j L^j jj — uij ^ylll 5 nU ill 3j"it~il,l -jljln^JI _JJj Ij-jjI 

i-jc, -» - « j Jjlj (j__L_J 4 — jl 5Lg — L__j 4 n ^ l .l jL>_l ____ *Lj___JI <:!___. (j-a 
. 4", ,-„11 aj 4jL_- l_)Jj__ (jrt m-slj (jl__j _ I Jji—J (_-!] i *<>>flj 

J_ _lI L_Ljjj_»JI jl -jljjJI (j_a 5jzjn-r o UjJ^L». _ij_j ,_pJI -jljlatll _JJj L$jU 

Jj i i-> -»J I jljJLl 4jjjj_>JI JSligJI (jjjjS—J L__Lj_>J1 _j-a 4 »i h", i a _jL_j_>_ (__j__j 

iJ-L^lLdJJ^jSUI-jUjjL^JI^ji^^ L*_J_, 

4_>__J1 (j-a 4 i-Lajo -jLjj" i n a J_l_i JL>jj(jlj "j "", i n « jj-J _)l ,__tl Lajlj __t __i 

_jj_J_l c__j>>JL __LjjVI _____; L$jL_ .jl ,„.! I __» (_"j"V,I j . 4___il 

l<_tja-_r",i 4jjjLJI J-LtgJI _jl_J _>jj-- <_JI __t ,__(_£_►--? SjLjlj jl 1L4I 4___L_L1 

j±£ JJUI dJLi-j . j j_- — lkVI L$J (_9__ej L> i(j»j_- _ I i_j_j_>_>JI j_ LgjljLj. j__a 

_ j| mjjjJI — jLljjk. Jlijj. L7 jI jJI ^j i~-~.ll -jl j_j k-j'- L_Jjj4jjjj -«-II J^l j jll 
^L*_- _ I i^^j^oLjj-JI i'U',1 "jj<-im 4__al , Lsj__- Colloids _jL_j)j_J1 j (jjJ-jJl J 

. L_t4_jjj»I1 4aljj>JI L^i-Lj. (__1j_! L^L__ij-_>_ (_,_]! 
^<i*y"i (_^_ _j_uj_»JI ___"■ L^jj t-»j , „ >j_t __!l jjLJI Ll».jJj__j i__jLijjj 

i_JJjj i_j|_j)_>JI — JJj (_-l_. 4 _-— : a 4j_5jj J.t>- f j g , —'• 1 L_flj 4jj1_ "jj __j 

___J ____, 4__ ,j_-Jj . L_ju_I3 jljJLI 4_ujj_»JI J-L^JI ___- Jjir-i-sll Jj>J _j-a 

4 tj _,U1I *j_jj La Li_J_j I a Ijl 4jjjL J£Ll_ (__!_ Jj___»JI I ijj-l "lcj _jt 

i(__j__jj (jjjl- l-jjLluU _>__u j-a Lg__vL i ^nyTs _)U _J_yj_>JI _JJ_J 3j Inii 1 1 j 

4jjjLJI jljll J_L_> 4__*__> 4___jAa_« -■ Lul (j^a L_i__u UJ _i LjJajj 

i4jjIj___1I (j_i (_C.jJI (__1--J - L&l_ L_jjii.^i 4-ij1 j n j^j 4jjLjj_ __j__1j_>_j jJ__o 

1 _ 1 Uj (_gjJI i_j_oj_>JI l-jjjjjj ^jUi" (__fl (j_-l -»"ill (»J-^ uJj-^ ' *jL_. 3 jl 

I j-fc J^L-J — _il _j__iJ 4_! jo_. i(j>>» 1 j_a I g int 1 _J_ijj_>JI lJJj j__>- __, !_• 

1^1 <__- J->-JJ V 3-Jj- ^j-jIj-s-i jJL__ 5 I j l-w jljl 4jjjL JSLi_> -•_-! 

4-iL__ JL_,(j_- 4jjj — lJ.1 ^ 32 ^ 4_^J.I J>slj_JI (j_ JJX. _JL_»j .^ji-l Jlj>s 
t^yJj Lufl L-j-Kjj i_i L^J-a 4jj LL_1. 1 4 a _ all 1^_j__»_j ____! jJl j^j a -*■" 1 1 
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. Intermolecular Interactions _j_j__>JI __j Jc__JI - 

_,_? ^jJI j__jJI __JI 4j}L_jlj Jc.U_JI jljujl jl 4j nij-UU - 

.Reversibility 4jIjlJL <ulc 
.Molecular Mobility 4___>JI _J_. (_j_jj_>JI _jj_j - 
.3jU.ll «Ljia ^uj __ill .U...jll - 

(<•_*_. - jjji, ) - J____tl <!--__-_. • 
«4_J_jJI cLajSJI» _j| jin~ _>_ 4' hUI ^JjJaJI _"-_J 4_bjJ_JI oj & J__i 

(Cy - j .m-.l J_A__ J-lj____JI ,„-, - Wet Chemistry 

-.jjin.lt jlj Ll Colloids -_>ljjj__ _, a 4 4___a -__>] _____ L_^fljJĕjj 

Ij ml^l _>__-.Vl (_J_ j . jl jll (j_« 4rtt'V- ^l jjV -bji^tll jj_ jl jil .'I Ij-j 
i nlWi V Ojs. lilui! 4--jJ___ «J>. - Jja__JI» 4_jjjJ_. jjI_j j .4jjl_JI _lj_il 

_.___ 4jj-U Jj_- Jj__>L__JI j a -b>L_| (33) 3 3j_,__, _-l Tr~i', a __1 I _i<* 

__9 (jrt fl'i^U «.IjJiJJ (jSwtJ .--_-__ ____-_! ___l!l _jljj__Jlj Ljj' _jj -__jjJ_JI 

____-! ____! iJliU Jjj — _. __!_. .(jljLill I j_» ^ "jj_tj __L_j-. __J_- «OLt-"-"! 
.4_j_J_JI » j^J 4j___-L_Vl ^Uil Ujjj j-5l>-i . (35 ' 34) £».1 jil cjU^I cy> 
. (36) ,»^j_JI (jj.^jiJI I j__ *Ui_J Lj___i___JI __L__.ll U*_> jlk. Uia ^lj 

(j!((J_w- Jj___JI))-_J__l__l__»jj^L>JUj >Jt lj__-J__5 JLicOjij ._— -J 

--— jl _>lj___- (j_s 4 «il~V U Ja-ljll ■ ^-^J ■/. \l i<- 1 1 ,-, ^ -._ ^ , ,.j < ^jt 
4jJjVl jljil_>L^(j^L_-4jl_j___.4_^^ |Ju_j.--jjj|_JI jljil J-U- 

.(« i»13 - 6 JSL-JI) Precursors <__JI j_JI UJ_ JjJ-j __UI j .j _■;-■»-. n -JLl _» 

-j^Lc. L__U 4- r. » j . jl j_JJ AIkoxides a_J j-*_JI _u___>Vl _>_ _jS_i U LJLc, ___.j 
jl Sol Jj___JI»(« _jL l-_jju U(jj__j .JjUJI __a __Ilj___JI Sj|jV -__-U_il 

<Ujj_JI 4_j_9 4jjjL _LuxJ 1,1 nljj <L) _v— u J-jUj 4_u_I jj_j .«__jljjj_l JjiaJLl 
.JSLjJI ljL^__jjsj_- Uj» _)r»j n i II _-Uj ■ («>-)» 13 - 6)_^__JI(^-j__j-a jj_ U£ 
_i_ _$jj (jl jJsl jJI (___• L___*j M_» .-_Lijj_JI ___ jLui _) njjl n a 4jjjL> __ll ljj__)j 

4____ljj _^__t_JI J>__(j_« VI .jjULi L_.j_»-j_JjjU(ji ji _LuVl -jjjLUI JJIj_JI 

.4SjJljj_t^l^U-_ojj__-I)/l(_jLj_^_j_^ j-u__Jl3j^>.i 
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^»_i se i_,at-L-_ 



i-.^_„- ^jj-i- • e _^<j_»._t p -ti 


Jjti- 4j$j_ll £_ul Jjklj— _ruj . tn i m » ,__»j__i_ (»__ij :( 1 3 - 6)J < int l 

^Uji^aaj. >>.-, , ,,u ^/via-aj^iaJ^i r 4-JL.». j^t i,j^.- jj-_-ii,4-- J j-- 

.^____l j___Jl t _U.>>_)l jlj^ jj.4j_i___.L__ 

_),mr J ^jj uui itJJb 4jl jVI 4jl nr (jja j-LJI « J I » ^lj_— ^jU"i , „ ij 

,_,__ 4jLjj\_w i. , i upj Oj» i4_i 4j)j_!I j\j— J SjjiaJI -j|-»-"UI j jl jil -_la i_l 

^ojjAl L_Sj LgSI o ,„l (___ ^*Cf "II ^jln" _j SjJo 3jj m ___• l^-rln — u,! 

__j.(«..» 13 -6 J__JI) l^-_^_i,-,,tJ di^l^^jji^i iv, ,„vij 

,4_ijj j __VI £jlj--l £-_l J$ 4j.j_»"i ,„U JjiaJI ,U , ,nl (j- 4__uj__JI 
L^L_>J— >lj— J.l--Uiiil AiWt"^ L-ui --LJI Jjj—JI j-— V"i.,,jj.4j__j L$_l Ij 

<j_*j_ .-U j _JI 4_L__VLj . -JlSL^VIj ^j—JL JSTjJI j !ju__L J_T_JI ,j__. 
J_ _JI) 2_j__l -__>L_ SjjjLill _)Ljjl>JI Jj^.1 l__ __-V iiJjj_JI» i nibjj 

I jtj^ _—! I j"l ijj_- ^j-T»' — Uj Juu _>-— »j ,4 iil" V - jl J— <> (j-a (« ~» 13-6 

.4_J_UI -_VVIj oLjSLJJ _jLj_-__ I^Ijl__J 
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»-U1L*»J»_t. 

(„-»»13 - 6 J___ji) 4L. «ui uijij juu ,,j____ji» 

.4_La>U jljjs ___- Jj.n-rll Ll_j___i Lij--»_ . rtiWj ^ jjl . (3?) Gd ^M-^ll 

I $ i*v 1 j .4jlin Vl___i L^L«_v>- (____ JS. £u ^jjjlj l-iLaj— -t>. _>_, SjLc _r*J 

4_jL__yLj -(«j» 13-6 J___)l) 4_JL_ 4j_.jj_j jJL»xij 4_i uL»jjj j-l-j 

_j_a 4 iil~iV a i_>J-*"' J - * j ufi->o —JJ -lj" Jj i<-ill j-J_fcj i_j i^Jl_j La __ll 

.L-.jjL.yij^.^.tHj .i__LJVl Jla .4__jjLJI jLJ.1 

j mi«1I — jlji miII J1V— >• lj^^ 'ji^ L?- — J J H 4_Uji- l_jjj__j __3j 

L_J>U. <>(<__ ___i __]_,_ I 4_i_j__j| jjSi _,V «j-j U-«-A> .3j^Vl 

:4_Jl_JI __,L___M _-1l I jJ_j -JJjj .(--IjJI ^-yjJI 4_i___ 
.4jjjL!I jljJI(jjs4____a_^ljjl£__J __fl I j"ljUA. _U(_ , „j L$_jj_>js — 
jljll l_jL__li_>. (jjs 3 n -V < I-» ~L_cL_l_> CjIj.h^ ^lHjl _, l<~ L___jjjJ_l — 
Jj—jj 4_J— - SjLSJ-i aTi .4_mjJIj l__j_ij_JI 4-l— )l -_■"< a "bjjL— 11 

.% 99.99 __!. 

. J _L__ a _ejJI __LL_c ____) £j__-Vlj .4___j J_Vl "Uijji-JI J_«_ - 
4j^jalj j i iill jljjlj-djl i i nll (fil"i«l 4jjjL jljjs L_J^vL_>. (jjs— _i_i — 
.(j-oLaitj^l _____ 4jLc. 3jIj_- l-)L>jJ Jl-C .4__>l^_II jIjJIj 

Precursors __Jlj__JI) jj.;-!--'!! 4_ul _v 4_Jji jIjj» l__j_-jj - 

.4jjjLJI jljJLl r jVi„ii .4__k_J1 i_____i_j 

rtjinj-Jl JjLuij 

^__ IjAjUj" ^LJj ^__]| _jL__Jlj _jljjVl L—Jj . L-S l-_J_— ijjJI Jjl LUJJ .1 iniij 

5jjj_»JI l_)I <i inll L_sL___rij Lg__>lj_- (_^__l«j J*.l jjjj istlUI SjjjLJI jljll jL__-l 

JLa_aj _j___>.L!lj _jr__Lij — __LI « Jju 3jjj— _> _jL_ il_I — lL 4_»j _>_jJj • L$J «Ji o" ,____JI 
_jj_j _Jj <3j\^>.VI l_Uj Jji — J_ij ,>ljVi ml ___ 4_i_L_ l_iIjLj>4J jjLJI L__.jJj__j 
jjk iL^uLj L-iL>ji— a jji.iiilj JjIt"! («6-.JJ ___l!l 4jj-JI 4.j.aJ«ll 4_l__>JI (OjjjjJ 

. JUJ.I I jl* (> (j_JxL_JI e U_JI (__i Lkjiiljj l_-*j (_iJI a_i__,L_«_ , l j___L_JI j_wi 

Liis ij-LajjU lOOj 1 (j^J ^jIjjj (-lll .4jjjLJI jljll jLul^njjl na_-l_ l__j_>-jj 

jl i4-j-»"miio__jJo jLssjI (__ jjLJI *UL_ 4J ju jJI jjjSJI j^>JI (jj-aj^ijliji 

(j^jjuj .(«-t-sJI ___ 4_ujL_ll j>l i ii-». VI _1_ »_a JjsLjJI J__-l (jjs i4 ii )l i n JjjJ- jjjL— i 


122 


ajj* 4jjj (j_a I i K o" 4 Ij , iij ^jji Jl> }L_ i^oj _>aj ijj i*? 4_>_j 4jJL 4jL_j Ljj_>I ji. 
i— ilj jJI (jja^in i jLL—Al Jlj— >l *j a~- a_>— jLj" V(_^lj. Ija. "j jt i^ll — jl <ijin-»JI 
.4jjj_j_II LjjjjJ _>_ilj_«- Jj 1 i j Ltj_yJx. jttS o JI _>ji _— -LII _>S— u ."j i ' il i a 4jjj 

2Luj>jSjyi _jb^jj_L_l 
__$_ i LkjL_ul 5j_i Otli Lajjjs .(jL__jLI 4jjjivJI _j__JI "jJ_3 __JI Lcja-jJ 

(jjjLa) j"iojlla 1 _>_. LdoLul J_j _,_!! «L _,Vl JjJ-njj j-JJJU _jU"i uoj V 

Jj- J_j (_,jJI .4jjj__1I — jLj- — -ujjSLil _,— -J • Jj»— > £j__jj 4__j (j_-jjL 
_jL»j __>JI i> j_> J_a JjJl>_ |»Lii ĕj_».Lc i___i iSjjs __Jl _>_, L$j_ j jjCill 

J__ (_lil 4jjjLUI jIj_JLI _Lu1 (jrjjjG _jU- V co» lj ._*_J_'1 a im.^-u 

JjI uij _1jj_- I («jj o' W-j— 1 ij^ (~- ' • j-L-j-L 200 jjj_ Lj l-jjLSjj (_Ja 

Electron 4jjjj__JVI _jLjSL_.jj_LJ,I _jljj_ jjj--j .4_j__~ 4^jS__jj_L- 
_J__j) Magnification »L_____S/I jjiCi ___< Ljjjj- ^jU."j .Microscopes 

jl jil I rtj^ jjj Jj_>j J_wl (jjs _D jj (Sj_a i__! I (___jjL»j _)jjLa j-tj _, — II _) VI 

Sj j < i n 1 1 cLji_'l j j j-o jjj j»jjJI a_ojj__Cjyi oLj^ iiijj-_J,I (j_Ljjjj . 4jjjLJI 

• jL$J»JI j.jTr*n.il («JL-J.I 4-i-inlj Lalju-I l^lt-yj .CjljjJI Jla .l_L>- 
a_u_1 Jla .4juj__j ">jt— .1 i n a JjjJo >V~ i « I ^Clj _l_ 4jI (j_a («_-jJI l— -~-J 

_>_>l jiw _>__u ( nji^> j_ __a . X-ray Diffraction (XRD) "n; ,„1 1 _ jjj>J I 

JjjJ-JI sjj. (jl j_l_ .4jjjJLJIj 4 j m^j-JI 1 _".'.' Jj-« *a_j_lUI "bjjLJI jl jil 
4'U'l.l _>_>lj__>JI JjJ__U jLal_ >Ljjkb 4__j_i j__ j£ "u_u__JI 

. I jJ .SjLJJ 4jjjiJI 4<j miII Ji_lj -jljjJI J-ijjJ 5-i-J-j jLl). 1 ! u .ijnl"«i 

^.3 «j_"ljJ j»j_J _~JJ"! JjVl j->l_JI (___> 4jjjj___I)/l -jLj_C -ujj-LJil -Uu 

(j_Lx_i ^jU" — -_) _* 4jjJ ,jjs (_g jjlj . jjLJI L_wjjjj__i JjiL-o (j_a Jj»J_a _j! 

. LgJ 4 j i ii j^ JJ 4 <i(j a (j_»lj__ 

_>a 4_U_JI ^--JL. __L___ "__jjjj__J?l l_Lj< ,njj-UI ^iy, in-.j 
__jjil cj__JI (j_ V_u Beam of High-Energy Electrons _jI__jj__JVI 
(__a L^jjj- ^jUt" l -3 J jjj -iljj .4jjj__JI l_iLjS! _ujj_jil ^ j»jj __ — _JI 

._ > _jj__llj ( »U_-Vl 4jj_C_a _UiVl j_uS_ 
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*.L_IL»»i»-i_ 

^jjjjsjyi -^.ut i_.j__.jj_j_t 

Scanning Electron (__._- jjJSJ)/! -■ ..iUI i_jjS; l_jj_Cj_1 j-jVi ■ ■_ 

4<j<.m,11 _jLj_JI -U ml <_>_>lji- tjn.^j _W— ^ cr- Microscope (SEM) 
- Morphology 4__j3.jJj_jjj. - l^K ■;, 4_j__aj .S_UI __a < 3j\>JI ji 

i_ )jS i_iJj__j1I Ij-A _JJJJ • 4j^-jL>JI L — _L_j I __u jj—La , >j >t"m j-l J—J lj 

£j_J LaSj ,3j — a U_JJ-a __j_ajj _jlj_a j — __. _>__i 3_Lc — jljjj j jjSj 3j 

_-—-_> J}_- __aj . jL$__Jl I— j», >V".. i U 3jj_-j .4j_Oj ij»JL*j — _JLI jL^>JI 

___ 4__-ljJ1 j__L_JI __jjl>_ __« l_>j_ — jj^jll I j__ (j--ajj .CjI _L_VI 

._jLj< , .ijj-LjJLI _1_ _lj_! j_wV 3jj____ (14 - 6) J< rJ\ _>->j-jj 

(15 -6)J< Millpru. lftM.i.4j mihjJI 4-lj>.V Lvj___ 4jL_ L____>j-a 
jLj--I _3J^J L_jL_>.l («j __lJI <__1jJ.I Cj_j_ _;J--)? i^jjjjjjj-a 3jj ir> 

,»___ Jjuj ._]_> _JI 4iiriVa ____J_ 4_o_> __1_ 3jj__JI <_3 3j__L!_JI < -d-ujj 

4_t__ J____j _t _<«ij La LJ — luojj .3jUJ__ 4__at (j-a J_La 4jj__s_> .3jj__JI 
. jL^jJI lj__ 5 U . ■ 3j__i_ll i_jl_j_JL 4__>l_— _jLajl_« (j-a 

(___jj_s_vi __l_?i cjj__/jj__ai 

Transmission Electron (_jjj_SJ)M j_L_l <__jS; _.jj_lj,l V. ■ < _ 

2 _UI <_jjS; l_jj__JLI _' <_, _U_ _____ 4j' i .Microscope (TEM) 

__jjjl __3j ._jL_i_JI jL__Jj ______ CjLjj___)?I _>_ ______ .__ijj___yi 

__Li__>jjj _jLu_JI — __» __l _H_^t_u — __/UI i_j j_ L-jji> jll _r_9 j»j__ _;jJI 

4jjJl_j j_sl_JI i_lj_ — _/Jj<jll j J l"j <4j-rU __)1 4j_vjJj_)jjJLI I gji_>lj_- 

_wa j__L_JI <_ijj__J)>'l _L__JI jl___~ <__> J-l-JJ (_-!l <4_j*JI 3I j__-l ____ 

JSLj.ll 4_j_JI ___j _,___ ____! _J-».jJL1 4jjjj__JVI 4____i'_I Jl-Jjj jju__a 

<__ __-J-a j_» LaS .L_i_! Ljjjj__> LL__ __a . L^J^—w _>a jl__Jlj .(16 - 6) 

<4_j_JI J>L>._^ c L 1 j_U(^jj__J)ll ? _L__JI iLi_ _,U___Jj.jj^jJLI J_L___JI 
L^L__il frL___J -^jjj La-a .4_u_j I <)lf».j I j< » 1 1, (jr>jiiV"i J>-l _h« _JL_j 
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»-b.lL*»Jj-U 



(*_.j .sj>__II ujLm j^liJJ .iujLiLJI >£>_>_> _j»L>. -X»c J J_- __tj}XI <L».l > . ~ m t 
/"^ «LiLjiU --j_ a_i_ bud>< ■j l <? ? ,lt c j^jt-»^ - "' 


,__!l 4jjJl>JI 4jjjjj_VI — Lj_j_jjSj1L 4__>L>JI jj ,<~,\\ 3j_ _jljJJJ 
(___ — JJJSJjlj 0.2 _JI 0. 1 _H» ^jIjjj - 4jj-Lujs 4_j £/S iSjjs UJ_- a J- 5 *- 1 
LsS" <4jj_JLJI 1 f< • _. (J_-.Ij -jljjJI '■ <j"ij-J SjLUJ 4-J_-ljJI 4j_JI (j__*_S 

.(17 - 6) ,JS___JI -t__>jja j_* 
jjLJI Lj_^jJj___J 4jj_.1I SbVl ^jujSJyi jjsLU! cjjSLj.jijSUI j_4j 
._^jJ__.jjJ>I LjJSLj/j L*jL*j! ^jjijjLL» (j\j_j 4jjjL_ll jljJtl _>_-_! ,___ 

LajJjJ .4jjjL_JI jl j_JLI 4_j_j JjJ_-_ __lc. 4_J j__ (_JI 4__L_)?Li I j 

_l_jj LiS" . _"jjjjjl I — gjLajjl 4|ji^i4 <j-u__ij < L__.L_j! (_H__yL__-i O — jjj 

_>_>lj_-JI _>—--> _nj*J <_-— - 4jjjj__JVI -jLjS! — _-jj__jJ.I (jjs f>__JI I jj* 

,.-.1 ^lg-^yi 4jsjL_L- .<>_.}L___II .jl iU;', __, ,3_| 4jjL_>j_JI 

_.L_> ,_Uj __!l 4^L__VLj ,(_-jIjo,'s1I L4_l___.j -4jjj^_JI 4jJj__.jJII 

-jLil I ij<JJ ,___ 4__-ljJI J __l___l ___U_i 4j_4J _L_L_JI L_ljS _yJJ_LJ.I 
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■_-_*_!*(__ II ■_!,__■ 

L_>j\j4j«_ _)JjJ-> _>-. -JJjj .4-JL_. 4_Jj L_jj>.j 4_i__j JuJ_>_j <4jjjL_l 

Energy Dispcrsive 2_'._...tt 4j__}_! ^,'-' 1 .-.-■i.-.tl 4_U_ __Ij_-.jj 
. X-ray Spectroscopy 



L^J 1 -»« tsy^j* „ r) }$k\ Ljl 'ttC _;_—>.V d . t-i-l jj\ ~A t \ t T I * ■ ^j" _jj_l_ :( 1 7 - 6) J^ 

L_jL_i-l pj <«jt_*_ J-jj^JLJI ,?,tl J_i-lj_ilj._.l ^j^ij^ ____VI ,hn mll 

.(16) i__ji oJ-= s _jj !> ___5ri j_uji VJ __,j__Ldi -___i iJ 

-_utll jL__tl i_ibjSL_jJj_Lii» 

jl -__Lil) L0j_.jii .4^jj__JVI _jLij_ — L_jj_L_il _)L_) ,L___ Ljj_.j U_ 
,_L>.! (jjs iL_j__ I i^t'* .-UjjL-JI jIjJLI cjLLic. <uj__«l -ljjj ( j aLill 

L-Uj j_i-_ La __Jlj .(JjjJlJI I — $JJ->jJJ 4j->.jJj-Sjjil L^loIj--. i_3j — __l 

,3jL--JI ej->«JI _-- j--- il _lj l—_- i Lg— C In.l-si _)l _>j lu 4 o 4 — jLajU a _>_- 

■ 4_>4llj 4_j_jJI CjL.jL_,I l_Jj _va (-Cj-JI _-L_ .4j! J__o . J___JI Ijjb _>_. 

(jj__ .__^jj___J)/l o_jj-C_ J jj__iil ^LiVi niLi l_1_j__ 4____JJ jj-_JI _)La 

3 — a^il _jlj_Vl _, — - Scanning Probe Microscopes (SPMs) -. _-lil 

jljil l_1_j_. -r L-t ■ nT _vujjL__jj Topology 4j_».jJjjji- 3 lJjJj 4__L>JI 

CjLij-v — _-jj__jil l_Jj j->JJJ I J-- • L^jIc CjljjJI --jjJj- 4 _j-*_aj .4jjjL_JI 
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Jj__L_ J_«J .4 — JLc 4_»Ju (jL*j_M 4jjjLj) 3 q ,.,->• a 4jrwjJjjjJ_t Ijj m 
(j_slj_»JI .i'U miII .4jjI j_>JI .ijjj^SJI ,j_alji«JI JLo) 4ajLj_i_JI (j_>U>JI 

(^o-jUJI __IjL^VI 4_jl_U .3j;>L__JI Jl») 3i<MK,Llj (5i ,„jUI;;ll 

.Sjulieil Sjlil 4JjC ~U...l 

I juk ____■ LaJ _, Lj_J L__> - — •Lj-' mjj^jll £jiJI I juJ <_-- u-cjj 

'4_u<3j 3jjj JS" — lii __ic 3ljl JjL>. 0-« <(»Ljil _Jjj 4jJ_j (jja - J __u_!l 

__ ^U 4JL4J <___ 4_j__ .Probe» (6-18 «1») 0 - r » i» LfcJc _ tt/. 

.i_jj___gjj_CJll ^JjjL^ 

_ljit g__-</l i-«tj_ 3U*A*I 

,L__JI I j_* JS" I jL_L j_*j . u 3h;« J ____ L-L_j! __J1 jjLub j-__>j 
_jt jl_j . jljil ^Jo — _l <__lc 3jj_«. jll _lj jJI _>_»l j_- _>-L-> <___ J_Ju_il 
oLj_L_ujj__jil - — 'Lj^ i i,jj£LiII (jjs (jjl — _JI _j— I 3^3-1 Li! — j_sj 

JS", uij Lj-I m i -_ jLjut _)_i^L__a (j c 4_LSJ i_jI ajU a — 4 jjjju-J _M 

ijlj.nll I j__ (j^ 4jU-VI Jjjjj SajjjJLJI 1 _~< ■ ■_, J_-b L^jljj i . jlju j 

La L$j_> Lj ___L ___JI ._j__aL_»J1 J iniitl _,L~_i__> __JI "}LJ_ Jjj— (j! Jj! 

J£ (__lc _) « j _)l L$jL_i __a . 4JJL 4_y«_l j_a 4jjjl_JI jljJLI ~ t- , „ 4 l~i <| j 

jljJ.1 (j>s Lkjuc _>c 4jjjLJI jl jJLl j joTi i pj^j iSjLLI uJjJ uij _>_»! ji- 

____ (^jic L^jljj ^«jojua Jj-»-JJ .1^— -U — -ul oL>.L__a £j_jjjL i4j, I jl~TiH 

4_-L_-JI 4^Lj_y_I1j :L_L_m_1I oljjji-iHj 3U.Vi_t J^o^J -_-----Vl 

£__i i_,Vl i»j-_> ,*i_ -JicLjaj (jl_ .-Jo _JI (jic L_ilj _J_>u SjLa ^Li 

3jjv.jJ.Ij S. ijn-»J I 3Uin'iVl __ (__a 3j,u_j 4jaIjj 3jLj (__!! I__lj _;jjj 

—6ju-CJ 3juj_«.j 3juj_ (j_»lji-j — jl n i ii jjJJ _)l 4jI (j^a I J_bj iSjLJJ 

. jl jil 4j_j (j_. 

(___ JL4*Jl J___iJ,jljil ^U ,„ ? 4 ^ljj^^u-l LJ «____ ,<«_ (j_ -J 

.—____, VI -JJj (__Lc . L^jlj j , , j~jJJ J-JJJJ 4 jnj^ — Jljjl _)_, i _ ,j"mllj < " i ->■ 1 1 1 

4_i_UI CjLi _Jlj (J_>Ij_kJL (__H-jLi_JI ji __J_i.'_'l 4_wjl (__ic i_9j__JIj 

.3j__ L __c3jj JSL 
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JtuiUl jljintj ubj^LilJjiU* £l jji 

Scanning Tunneling Microscope (STM) u «aA\ .jjSIj^jjSLII 
. Atomic Force Microscope (AFM) 4jjjJI "jJjJI L-jj<,,ijj<j,aj 


jjj 4jjjJI tf JlA ^yjj i "Jj-^ja Jjl j-i-uUI (j ttAlll <-J j£ ujj^jl.1 j i" « j 

^yjs £jJ»-l ^ ~ liilm LjSo US" - ujjJlj *j u, Ltl jljnill ljLjSL ujjSU« 

Gerd Binning «j— Llu jjj-*» UA^UiijdlLc 3U ,„1jj 1981 pL_«JI 
^j^i JjsLv4j o>Uju LLS" jl jJJIj .Heinrich Rohrer jj>ajj <ji-LjjJjjk»j 
j»UJ1 ,ys UniUj jl jJI j .ijj-LjjjjjJI ^jjjj <jj-J-<u SJjLSjI .IBM ^\ ^ 
.^jJLukJI ^lji>.VI I j_* (jji I ojJ ^>.j.l«.LI ie Lj-iji]l ^ Jjjj SjjU 1986 


tUjJiijSji- 

4". o jj a » eljU £ LiiLll jL sjJ.1 CjLjS! <-ujj *s j a jj» £jjJI I jufc ^Jjij 

^Ui.i Cjljj (jJjC j-»j <3jU 4jujij 3jjl J^U. ,jj» .«4jjjl jiSLiu/S?! 

4«j'°i jJI (jL uJ.1) 5jjVI » ju*j . 1jji^»Ijp> (jjjju jl jJLI 3jI II 4J-lc 

jjjj (jjj I /jtjno') (<uj .jl .jjjl (jJj>jI^ j — J 4 \irt~A\ .SjL^aJl 

i.ij-»-""""' .SjjJI « juk ^yja JojJ—ijj .(ju>LJI jJj- jl (> — uoeJjJI 
<w«>U jlLc iljjJI cjIj j 5 jjjll iijiLUI 4jSL^ISUI cjI jL^->U 

jsia — u k-jljjj 4jjUV| SjjJI (jo (^yJjjjS Jj>>. JljJjj (^3 .LjJ 3jj)M 

.«UjjJI 5jU 

^Ja — u. (^JLc Sjj>>.jJ.I <--jl jjJI (jjs Sjj J£" «(ji. atu » 3jjVI j»j — Sjj 

Sjjyi |jjj4 j j ■ ■■" (^jJI <4_ire ULI LjJ-LUj J}U L-lljj ,". '-j.ti 

^jc I j ,U« . JlcUjj <4jjl j-Laj 4 o j ii" i n o 4j n itij . U j U ^ ^^lc -■ U . • 

Sj jJI jJaii (_;JjC. Jujj V i 1 -. jt i .j i inll 4jjjLLa OLal ljjju ^iajL) 

;rU uJI ^Jc "jjVI j^j.4jT ,.,I,I 4jj>.jJUjLjt JjU-j.SjL^I^JI 

(_yjjjjSL!l jUl!I 3j ui cjLj jUuaJ . jjjJ.1 jlLc LLj-ukj Ijj «jj» 
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(j_a ,Lg__L>.j _, — a '^J-j)" _>S-U Cr'! lS-^J— 1 - s - a '^jIj 4_m_ I ir 
JojU-- __j 4l,_l_JI 4 jmiII _jL_I _-JLI _JjI uu ______ 5tV«l--.t I 

.JmAjJI 4__u_JI 

3jL_JI Sjj^I _J £ -_<lj__1 ti^ 4_j! II .!____ 3jI i^l j_->_j 

- »Lj jjS II 3j — j_>. 4 .il___j_a _jI j 4 jjla jl j — a (j— -a 4 — «'n^itl 

SjLa — 4l i<->jj9 SjLa -t_L____u _>_a l_ij__JL — _r*j}_iJI j! J.-* *"tl< 

Tunneling (_____! jL-JI ^Lj __j_«j . jLu j_j_b 4_jL_s - 4_Li_JI 
3j_jVI 3jL~ _j__j ___jj_3_CII j—4->JI ___ Jjjia 4_t_« " — i_L .Current 

. 4 m «11 3jl_a U i ,ij 

2U> _J 1 3j_J I (_jj5u_jjj_5u-« • 

3j\___>.Vl ja__! JL_-! i-__uLtl u 3iiitl i_jj_ i_.jj__jJLI jL-C.1 ,j_a (_-jJI (_-— - 

.jjLJI L^jJjJ__jj-_ J u4__.L>JI _j_sI____'_1j_jjj_J1 ^j-Sj^-J! ojly__JI 

<4_uj^_J1 4_i_____jil _jl j 4jjj_i!1 jl jll jl;"^ 1 _-_ ___a ■* 1 ~" ■ ■■_' 4jL_5 

Gerd Binning «^im jj-o.» j-La j__. JjJ .4_l nnU" (j_ j_>. _;jJI j_«_l 
4jj___j_>. _jMjju_ _L«-*j 1986 j-LtJI (___. Calvin Quate «cjI j_" _j__-J_?» j_a 

4jjjJI 3j_JI i_jj_ _ijj_-ya ^_ul -__L_ ____! l5 .. >j< ...jj<_.ll |j_gj 

-_j>Lj___JI i'l I" _jj! jl__.j Atomic Force Microscope (AFM) 

. L*J -U,,,I1 _-_>lj__ jL__>.l 4___aj (____JI Jljll 4_>.l ,.,a SjLj __JI 4__jl___jVI 
I j__ .4_ij > jJ_-J1 Jjlj_J1 jlj-aj 4_uj^__l 4_iiu_>jJLI 4_ujj jljil i__La — j, i_-m-m 
c-uJ-tl 4_3j_U j_t_3 __j _>_Li_~ UJ-iJ «_>-=*-.! » fij «■"->" Jj J-J _J1 4_L_>V L 
.(4_jJI _"jjL) _>_s_t1 J-U- 4_J (___. SjLj £_! L_a <j___JI ___9 4j__ . jL-JI 
.4jjjL_JI jljJLI - U 1 n. ("^'39) 4__-js__ -tjL__ _J_*j_*t_u 4_i_>l J___vaj 
.j__jUI jl 1 1 „1,1 1— ij< mjj^ja ,jj_. 4jjjJI 3j__JI uj j< 1 n jj^u. 0 ____>__ij 1 j_t 
_>-*-_> J_- _>-lj a_j__ ___c _)J— J _jjJlj i4_ajL5_i__JLI (jii-rll 3jl_a JjJJ JS— - (_—9 
._)j<_iljiu1l Jj-a . 4 1 1 n j^ 4_u_. 3jLa (j_e ^jii<->« Hook — alU - J_— ui (-— _) 
Jj»l_>JI (-JjjL_JI ^ljj - '«18-6» J___JI ,____ -^j^ j_k L_a_j 
jj_>l ji. jl i"i -I jlj Ll 4 h«11 -tia i_u 3j- f'U _Jj --"11 (_2 tjuj i_>_, -r all 
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•_*->*-11* CU.II <-L_U 

(_£ jJI j^Vl t~-Umll CjIj j (jjt. -e . l l ujjij ,4_».jJI J}-»-J • l()-»-U — lm 

,4_jjJ1 tt U i n CjIj j (j\JJ _) ii a 1 1 3jjl _rtJ j_l__ jl l_i jL>_ (JTj— 1 jJjJ (__ll _JjJj 
_rtJJJ .(U_jj_> jl Ijjj__>) (__IjjI_JI ^ljj £__jjj (__ __lj_tjl (__II _;jJj L_- 
__3 __lj__j_'l I j-A L_lj_-I (j_; 4JjJ__U 3j_JI jl JuLo _*-L)_ _il .4 in<i'i J< miII 

— ^UmiII (__1_. jjjJJI _►- f>l_ i~ — -j— ■ ui _iJjJ-> ij^ f»-y 'L7^-W _ '~" t}^ £^5* 

_,_. ^lj jJI I jjfc L$j_ _-j-eJj 3jj> J£ (__ -U j f_uj ,l-3j___J <>lj jJJ t-i-sJI 

JM_- (j_ ,___lj ,4_jJI 4_JL_ Photodiode 4jjjj__I 5__uL_JI Detectors 

CjIjI__1 (__II 4 ,,i<«;l,l jjjUI Sjuil (jja 4^jjL_II 4jjj__JI _jljl j,>U L$1jjj-j 

(j_jjL__t Jjj_>L— 3 jj_J i4_jJI 4_JL_. 4j_lj_;jjjJ— 4J_jj_- (jj_j_j ^— u ,4jjj^s 

.(19 - 6) JS__JI (__a (j__L~ Jjk L_S ,S_UI -_____• _>_.lj_-J 


f 



jUii-l ,__- SjjjJI aj_JI ljj>__i_<___j-- _U_ _j__) jrLjj i^^j |«-_ij :( 18 - 6) JT ititl 

__j>j.i SjjL. ,__s_ij ^jji ji^ii t-i^jis (_ijj j^iij lt^j • ^iii _^-« _><»_-- 

. l_jL_i.l Jljil SjUI i_*_ -J__, ^b J lt--' USjJ>o 
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ij*jj»W jl 1 1 ntl ."il ij^ ...jj<j« -j_a uJI (j-LCjjJI A^L^syij 

i J^J ln'i 1 I j i *•!-»■ ill J j£ Igia _jfH ill Jljj 

:4_JL"JI ^ijAl LjL* j<ju 

.Magnectic Force Microscope 3 : ...jUt-.:ti s^ui ^$,„^,6 - 
.Laser Scanning Microscopes j^.U.1 jjuJJI crjbjSLmjj^ja - 
Near-Field J ~-»ll 3 <->■ ,„111 4 j^.MI t-jb^ injjSLjJJ - 

. Scanning Optical Microscopes 

I g*4 Jl-i i^jj.U.1 jl 1 1 ntl i^jLjjS! i-u jj<J" Cy* "j<~'.'tl jjVl «J-A j j oTij 

jjjLU £Jo uJ "j, I t"i a ^^alji. (j^-LtJ ^Jc 4_SjLiII L^JjjjiJ 4 JLtll 


.4 i^iiT-itl "jlj^>JI oU.jJ JU£. 4-ijjjlSjyi 4jjJI JjJL>j - 


■ ^yjljaj^ll t-tjSjjJI JljJlssj - 
. 4jj_najJI _^_alj)_»JI (jSH*J — 
.4jjl j->JI (j-oljjJI (j_UJ-J - 
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l r-w (jl — J 4jjjLiil jlj — U J 

5« jl_Ij c_aj __3 3 «killj AjIjjlII _____ 
JjL»JI ,«_JLiJI ^_l"i „,] 4JL3 L__ I j_k 
Prof Kenji (^j)j___, _-?--jj "i^j^JI 
L,L___ . 1985 ,»L_II <__ Suzuki 

j M.»->.m 3__ljjJ _jlj_i~ 4jIj_i __a L*_L 

_LvjJI Iju. J«i«i jjLJI L^jJjj_j J r«-t t-3 
____ .4jjLLJ1 j^jAjL 4 ial~-.' iiuLitl 
jU .o 1 . I __JJ ,__ 4_JL_ 4*J_JI ,j__ 

4 m< a __) j_ J--t J^-jJI I Mi ^ 
(__. 4 jW ) 4 iniiij-a j»j£| _r- (jjl—J! £j_j|j_tl 

jl jjijj t4-__ 4j>J_u1I jl j IL ,<ujjj _|LLJI 

• _>->J m->tl 4 »-j _J_, jjLJI I x>-jlj__JJ 

_il3 y_it ^SJI _;jL_JI ___ (__^1 Vj 

uju. j-u. Laj» :4jL_! _J -_JJj_ 4J___UI 
.«SiJ-J-L 4__j___.l 4jI j_JI 


__ S_>L_JI _jJ_ _l _*,!» 

sjL__ji ( . i ___i_ J i J .ji__i 

._jL__JI _1_ 5_>lj_ij J_L__ 

__>j .s_l.__.ji _.i_i — __n/i 

oU h __JI __. i_j_i. jlii 
L_9 Sj-ri>-ll 4-_}>.jJ_--Jl 

«<____ Jl Jirt"i.wll 
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JJJeJ» JljLs .4 K (JLaJI ^Jj (^itjjl ">jJ' '<^>1' >'l lj ^yS 

i.*< tLSj . jjLjJI I j^jjjj_ — Ljijjiajj jIj a CjI i i-t. (j-u « UeJjjjs jj uijj 

i_Ilj La L-j 4__L>JI Smt iII -£_jL_I (j_J «SjjjS' l Jj''~ 2j"«ill Jl aVI 

jjk iSJj (j_Jl jlj Lsj . 4jjajj_l JLaVI t_L" ^j" i ii a (jj£ (__Jj— i4jc_ljjja 
Lsj» i^altll JLjJ«JI — Lljjj j^l_VL - jjLjJI Lj-j.jJjj_ m;! - Lj}».|j_il 

- JjjJI — Jj _Laj_w (_yl>-J - 3 a.ln"ill JjJ IL 4jjjdl Cjl«a"---U J «->- 

(jJ^*. i jJLjJI (j! I ij"i t" i4_ij_ijJI £_a jjLjJI jlj i"i <t jj_a 3j__jJ,l 3j_JI liJJj (___3 
4j___ CjLcIjjLj 4j*-jjjs CjL-oUjI <__j_ Lc i Lv>jJj ■<" Ilj jljJLI |_-Ju_-__> 

i«4-l>.L_JI -^IjjVI» (^j-il (j-* (jjj J fl"l.l (j_«-LjJI (j a 4j_j n-arl, 4jjj*jj 

J_wj UjjLu u "ill injijJI 4jjs_»jJI JSl i_J.I Jjj^sLoj (jj-j--_ - J jJI 

(jJjji*JI J^Li- j mijII (ju Jjl _JI '>L__J_'I jj_ I j__> _)_> }_-jL_JI f>jl __JI 

• *■_) i ^iil l (jj-3JI (j-« (jJjji.Vl 

__a L_-jL_. __*_jL_ i_;_jj_ 3j"_» _--jjj — _- j jmm^ jj^JI ____. JJ__> ,«J 
«*_>__>*- _; jJI «LaJauiJij 4 ilj «.II i ■ M. 1 1 j . ^",t l , >\ \ \ , i l ■ ,.. ! 3__iJl__ 5UI , ,. i 
,£j___JI lj_* 4jJI Jijl jL ,«>jj£JI _-jL__JI (__J _oi_Jj .-UjJLjJI jIj__U 

(___l jj» 4j_) jjl I «_"i j i I CjLj__ _,_ _a~-"' >~'J*- i3j jo~ia 4jjjLjJI jlj__U 

___ SjjLJ "t L_JJ j»___j __J (j? Ljj-4 SjL>.ljJI SjLoll Jji—j iS-ij.lrj 4 iil~-»- a 

Ljjl n i^» (__j3 i 'Ij -Ijj uJI jljj, 4jjJLJI _l ijj-stl j_oj»oj '(jj. 1 -**"' (j-* 1 J -^' 

t«J njl jjj uJI Lj uiUj Ljjj^Li_3 i3jjj_,l oL_aLilI,l jjj jjjuJI Lc 

__i--Ijj t— I jlj-a (jl Jj>j t _JjJ .4 Jj-oj 4jj-a ijj^j (j! (j - I *Lojj*j 

jjJaJI jl LjJaj ii i n Jj— 4jj (j i ii i j l_jj V ijl-riillj -^Lt-jJI J_ i4jjj_I 

4_>ljiu i'ljaljji.ill »Ji «"< ) i nj^ jl )4jlj _>■ i-jjJjj*. ^ijj-^ 1 ' jj*J iltjjli* 
4jjl_l jljj.1 Uj_w>j ^l ^woljiJI 4lij a «"i «il i i 'iL>. ^JI *_ iajjjJ.1 
JjLvl ^ 4jj*. jJl_j 4j_->-jj Jjl 4jj_p il jjk 4jlj_ (jLSj S__t lfl mnil 
4jL>-);i i4W-j dIjj— jJI j jj"i , (_,". mljj ^jjJLs- j^s J^Li. il.^-i-ya 

. Jlj_JI I jufc (jj*. 
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j-*j jJJ_- __-> J>- _U _£ jJI <C jjjji-JI j < nif jl <_3 _Lji jja 4_y _>-_J 
LuLp. 4j iJOJJjJ I «lgaj L__L__i lj <^if _uu <L_«L__>.i jljj? Jj_> jj» %19 

<ol juajjjSLII j <oLjjjjjJI < m^jj <— 3 J>-_vj jj}_» <<_<-j_LJI l_u_ *rUm (__J_- 
jji>-JI cjI jj j- --j-j . Nucleic Acids 4__jjj_JI _>--L «--^lj jj__-jJlj 
___1___J.| jIj—LI _-Luj_>. (>» t-_— J*3 < LiJj* j— u-^» l£ 3 

^jJI *l j_JI (____3 <~U_>jJI L_L_- _^l_-_»J j_- 4-__»J JS __3 IjJj» .V, .„•, 

jjj-jJI (___> L__jIj .___> <___- <_-II ^jAJs^l j .LjjjujJ __-II (J-jjUIj <_JjL_j 
. j_»Jlj j_*jJIj jJI ,___ < L.L_j__ tiljj*j __; jJI 

__3 jj_~ J_ ____) <SjL»JJ _J>_JI j j i nl l __3 jjjji-ll l_1__>j-- J — *->ij 

(jjjJJI Jia) -JjI <_J1j .(Propane jLjj_JI jLc J '■*) "ujL-JI Sjj.^ll 

Ljjj-ilj-- __J_JJ jjJ_>SLI' <— iL_>j-a j j <i'~ j . (_>__t.lj i*m'^IjjiJI Jjj») 4 j_j__JIj 

:___> ~U-_ijjj J«1j— 4j>_ ,__Jj JJ>-JJ L_Jjj < IjJjL»jj< jjLjjj 
j-« _Ujj < jljj.1 <_jljj ^lntn -- a iJoLjj'5/I (__lc SjJuiJI jjjj-LJI Sjj I - 

<Covalent Bonding -_^L__JI J-JjjJI * _vL _3j--i <4jj3 __jIjj J}U. 

SjU. _jj--i Liilj j -_<ji -_« jj__<j_CJI jj) Sj_»-Ij Sj j __jj jj _$!}_- j_4 _— -_J1j 

-JJ (^jJI (« I» 1 - 7) JS. <_JI (__3 (j_u* jj. L*-" <<"_i_ii_« jlj-a ji 3____-1j 

Cjljj J-jjlj jj_>j_> 3jj ju 4j <jiLJI 4jj_4>L___jJ I 4__uljJJ Ij _; J ■'■■ LwJjju 

.Methane <CH4 jLJ.1 jLc *_£>>- jjjS-J j^jjj_u- 

4-J-> 3j ju ' V> <~jj |_gj->. yi SjjJlj <<Jj_>-l jjjjii Sjjj jjJj-CJI Sj j Jajjjj (j->- - 

__;_j,Ls 4jJj IjJ Carbon Network jjjjSJI __ljj _>» 4_L_i jjS__L9 < jjjjSJI _>-« 
.(«<_>» 1 - 7) JSLAJI Diamond-like Structure 
jV .ijj_>JI jjjj_UI 4<< A J_j_>L-J -_-!jUI jjjjSJI l_jIj j _> Sjj J_J - 
jjj_LlJ < jjjj-JI _>» jj-L" j! Sjjj_____IL < ■ -■ l-jJ <L5j->-i jlji Liiljj jjjL l__jjjS 
_c;jjj5.(«-r» 1 - 7 J_L_J1) 4ol~<Va jljj»L_iljj jj»4i_jj>4^il mm- Chain Slml,., 
<_jL_j-o jj_Lj(__JI iu _jIj_-JI -__"_»_« jljJ,- n,r<;U _ilj jJI (___ _--j— I jjl—JI lj_» 

(__i3 4i_wl jjl jljj.1 _ilj j oLsjloj (j-al ji. J_J 4j_aL>- <_jL___) l_j_-l ji. __fl J 4_sj 

.4_jjjjy3j_u£__'L_ ___-(_. I^il njjlri" 4j_3j ^L-jI __JI _$jJj L»j> ■ 1 fl ij_)^"i 
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lSj_-I ,»l>_ -jIj-j j\ L$l iDI «II j>Jj_-l -jIj_j _ij>Jj_-l Sjj Jajjjj :(1 - 7) JSLitl 
(o) <jUai jl__ (I) J_- _)L f SJ«t j_» _«jM. ^J^S^J iii''l_--jlj_l J-»jI» J. 


^ <_1 ._>___«» I j___J 3j_u__J j SjL-j^iJI (^=,1 j__JI _dJ_ jl_LI jysj 

1 jjLitl L_». jj j i*C~) .1 alt* j-l <i~nt>lj ( nii"ii (jjj_>£L!l j_Lj i_j (j! i_jjj_JI (j_J 

4j3-jJjjSlj CjljLaol jj_- " La Jl*j <UsL> 1 1 juk LLojj (__ jjvj w ■ v»ltl 

--JjljJ ^--Jlj .<L-jl -Jl 3j_iJI J}L>> 3jyJ_>JI _Ij U Jjjl Vi JL*_» 0 

_i)LJl Jl_ i^LjMj 3j 3JI 3jlj_1 li _Ijj9 ■rLjjJ (j-> _)_"i^ J> ' _iul___ _, i" 

____l_j SjjjU _lj_,< Ljjal iVi inl (<u ,___JI Carbon Fibers _,j__>j_JI 
Composite ~u£lj__- _lj_ .__Jt_ _>-»j_u -U-j ._j)1_JI _1jJ.lj__lj — _LLt 

.4_L_1.L> I^.Cl<i" <-.'i_>j .3j_Jlj 3_*>1 __JI Ljj__>lji. l-_ _ «■■>" Materials 

J < r-r.w "uLL-tlj __lj_JI 
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Uu«_f»4lft.1j«*l:i,* J --l' 

— (»jjJI _,-'"■- 3j a~i ■ ■■ - C_J I j La (___!' — <_jljL>oVI <_Jjj (3j«i'>o JjuJ 

.IU',1 1 ^jAjj 4 a » ~i~f o 4jjjJj_i _ljja _j_i_3e_j jljll /aJju 4 t-i hjJ. I 

-ji- ,4iuj_»JI 3j»>.VljC.lj tll j-Lul ol^jJj___)3j^lj4_____J 

,jjj_ijl J>1__ Lflj Jtajjjl (jiJI 3 "nihllj ~__L_U 3jjI_JI __lj ^y» (jjjj_JI 

4 iniiil Jo-J ,Jj ,_j_ijJI j_I ina j-o I j 1 i r-i « Jo__S Juu («ii- i4_jl i_JI 

,__ljL___!l 4-, L-_- Jjjs 3jj__ 4j^Lu_5 _jL_L___ <___ 4^jjaj_a L__il__J 

4_,Li__j ,ol^jj__JVI 4___LL__j !4__ijL___JI l_L_jIIj __Ij__jU_JIj 

(jj_ j! ,-jjll LjjJl J___j (_1_ .4__x__.LjJ1 3j d ->.Vlj--lj_Vl 

(> 4jj*_UI 3j^J_l JJjuJI -•__)? 4j__jjj 3_L_? » jjJj-JI ^l )V-. ,„l 

(___JI ~_-jL__i.l J 4_JJ_*JI 3j43-Vl (j_S L_J j J-J—.J ,L__I J^JIj <L_< _jlj__l 

_jjjj_JI 3j j jl (_______ Ij . 4j _>Su-j (_5 jJI jj_ III I j__ -jj ,j_. j__ j_j 

J__l LjJJJ ~LU_3_JI jj I fl~l \ I J * ■■■'<< _,"l ~- .1 II ( - _<__-> VI _— — — L-_J <_• 

j-a jjLUI L>-jJj__j 4ji>J 4j3___.I _L-IjJ.I J!M_- <jVI 4jL_ j_> L<_- 

.(jj__l l___ 


jjjj__j* _____*_.! jj-all 

l( jjjj_JI j__. jjLII L*jJj--j -Ul_. __jjj>. (_jJI i-jL ,„Vl ,--.1 

jj___1 ___ .3jjJL>J1 L_*.jJji<"iII ___!_) 4_Jjf 3_L (<___. 4j -s _jL_clj 

jjjj-JI c_lj j ... jj jj Ujlr (*_j _hJI Allotropes 4_____til j 3j__j__II 

jj_. jjjj_JI J___a <JJJ--" 0-- ^juj* * — tj__*_a ,J_ — i_j _-J_-J <,__--JI 

L_i__ ljj_o L_j .jjjjJjiJlj ,_p-Ulj i__j_I jj»JIj ,,_-j-jj~Vl jl _jjjLI' 

^jJI <_ujj_Jlj jj__JI .__>___! jli „_>L<-J1 lj_b jj. __J_JI Jj__ill (j__3 
_>_>! jiJI (___ (juL-Ilj _j-JI I j-* ls— '! _^ J i^ l5 ' ^ri^ JL - 

J_L_VlL_Jj jl (L__ Jj_JI ^>L_.j._ljil(j^4___->L^_JloL__Jlj 

(jji 4-;jfl--«i t "-i~J (jl 4J j_)jj jj__ij_JI l<jjlf JJkjJ _, -II 4 (il'iT-1.1 

__OU I juJSJ <4jL_ Jj3-jll J_ _JJ SjKjjll 4jmII Lfl_J ,3jjJ_JI _>_>lj_JI 

l_LLlJ__J| (___ r L t y-, ,„jLl "luLUIj itjiUI 4JK rJ ^Li JL_1I jt__ 

2 1 ~_i_,L__JI 
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i»L>. 4la ._j__ia (__ll Graphite r, j'*il jJLJI <__i__j La SjL_c 
. (2) 4j__jVi Sj ^nll^^L-aU^^J.!.-. Ore 
^ jJI Synthetic Graphite ^i.Ml jf JJi-U oailjjiJI 5L5_a 

(jjLLil-JI .~.j'^ljJtJI j _hjj . I jl n i a _JjSJI |«J»_S (jjo J) !-»■_) 

l'U Mlll 4jL_J SjCUjl 4j__'l _jL2-J_ 4JJJ* <___C. j lirll jl 

jljll 4jjs i-i-s' -tjJlLj >s- I jJ .Horizontal Thin Layers 
Thin Sheets 4_j_jJI ^L___JI l_Jj J< m.Ti j . jL»jVI 4jjLj 

_)jjj_J1 CjIj j JaJjJ (_, "II 4j_>j_I i__JI JojIjjJI (jjjjJ— ij- 1 

4 j i nl JU-i 4jjjjj£> O^LSLlLj L_Uj (^ 4jj_La .(j^it n I fl ifit i 
.-|j'^ljj»JI (jtn-r-jj .(2—7) (JSL_JLi ^j_>jja j_b L__ ,4_u____a 
jJLajj Ls (__]l IjJkj i_Ujj . jjLitl Lj>-jJjj£_i *l alc j»L___>L 

4jli^>jll j .Strength 3j_JI : L__> __".«.- (j_"ji,-L>. ^ 4 j 

.Electrical Conductivity 4jjj^_JI 

5jC L r i ___ |-.j'4ljjLll Jji-_ _>c 4_j_u La __II 4_>L_>VLj 

3jl_ <__ 4j>I, iV" i m iI cy> (*^>II cr^-j <_>->-__jJI ,-}-_-! 
Crucibles jjljj 4_L___ Ji* >_$>_-- T 4j,wln"i _jVL~_a 
.4___ jJt! 5jlj_>JI oLjj <___ ,jl jjjVL oljlill j 
_jlj__JI jj__s__w» J..". mi"i (j— jJI Moulds l__JIj_JIj 
Jy\ ^y; m.j 4ji jj£ .1 ^i., i^ijl Molten Metals 

4j-S,I i CjI cl t-iiill (j-a JLjJ-- <___ "--JJ J^ — JJ 

:Jj^j_0/I 
.4jjLj^_JI 3j^>-Vl - 

.oLjLL-JI - 

_-!>_-JI _y»j>ill jl j-l 4cL__ j Electrodes 4jjjjj_JI ._.Ij__- I - 
.cjljiiJI __. a-a,iVi i„U Electric Arc Furnaces 
.Lubricants ^jtmmII -Ijji - 
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"^yi U^j-c- 5 - J L« -'li^! Diamond U jju 

i-jljjj JJj-ill i^jjJI u-ljjjjJI ^jJJ 4rtir-»tl « jcgj 4 t~i <i~ ij 

<-,.U> («o» 1 - 7 JSLUI) Ji-b ojhd^ 1 

<d La.ljln" <_Jjz. Sj}Lc tS M<wll 4 — i^aJI l<Jjj cbj 
: j£lxj ^jlil i^jjW^I "j-aLJI Cjlrtinll 

.Low Coefficient of Friction aJL£b-VI JaL^» ^Liiejl - 
. High Thermal Conductivity ^jl jj>J1 Jjj-ojjJI ^ <>Lijjl - 
. High Electrical Resisti vity <*jjj^S11I jLil.1 (<u"s <>L<ujl - 
Low Thermal ^jl jj>JI jj-<aJI Jm\ju> 2uj"j ^Liitjl - 
.Expansion Coefficient 
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4J..-L-»-. Jj_jj ,__jJI 4j-jI jJI ._jL__JI aju. JS (jji j^c. jjl <___-. j) 

Oj^ljjJI ^(j^ijnill ^yk-j .411- <3j__LJI ^UI ...IjjIj ,___- 

-A__- (_J_ J_i.l_ LL_« 4 ,„n;l Jl*jV j__JI «pn j-. jJI» 

<jt jt i__l>JI o-ejl ~«j Cj^Lst^j i*LjVl _-ilj 4jj«II 

Ajjjrtni^ajjUiij I <i l*i« 4jI jj j-_ j 4jIjjJj fi n^L f>J— II cLlct 
4_j» i. T ,„ J_> 1( _>_LU <___ (j^i^ lij- 11 S-i-J-- 1 Up* 'L>--*l 

4jjj JjlsuJ u*ij<tljj>JI LgJ jjnjl i__Jj^_JI Jjj-salll 4 j__»L>. 

.4jjJoJI 4jcL__cJI •-■ISj ; U-,ll LiJJ ,___ jJ.Vl ,<u-__JI 

L^jjJtij j j nT\ 3 JjJl». jl jj» i_i — i_u_j (jl (_fljJLU _>__« (j-jJ 
(-jljJJ jj-»ii*i __3 Lijjji _)J— J (jt jt (jl in'>yi 3L-_ jJJjiu ____ 
4jjj»j i_jlj__ia JjL». 3jj___« 3jj i<-l l .4 — fl!>L__. 3 — jj^jjjj_j 
L<UJ jt i Jj__- 3 J__ l_JJ j (jjrtTll JJ»Vl (Jjj-iu L_J JJSj . 3jjju_fl 

jljjl <_11_J Ujjxj .Fullerene (jjjjJ^-JI J1«jj .(jjj_s3j___. 

L^jJI J-_jjJI (jL-j)?l £L1____I <-UI <ju__l SJljJl_j_, SjujjiJI 
.4J__i 4 ii k t- i ,____>LU (jjjlll ( _, < _" ij (jt J?- 9 'U*-L*ij]j 

J-u (jjjjSJI JJ— -3 (j-a 4jJ1jJI Sjju-JI Jlcu _J j — II (j_JjjJj_Jlj 
IjJaj ,(Cgg) (((_,ij*iiull (jjJj_JI» ^ niLj (_Sjj«J (j-Ulj ('ij^Ij-JI 
J_jjj_ .(jjJj-JI (j-s 3j j jjjiui (jj» (jjS-J 4J Ju-ljJI <Hij>JI <jt <_-Jl 
LoLj JL-JI ___» La- .IUjUj» (Jjji-t __lj j JjMjj lj>la 2,1 -_l j J£ 
'j *'__,"' I "'" > j;-" I 'jj'- j^jjitl2j.^l-^H j<< .-._alj«MU\l «_/<» 
ijj—J . J_JjJI 4jjjj>J 4_]jMI (jjJjSJI Cjlji (jl ___> . ^JjjJjutJI Ljj 
7 JS__JI) jlajjL 1 j__j «jj_3 jJaJ i4jj#JI uJjjS' Ij.n.iii», jLSuA 

Ijj_« .4--j 32 (jjj-jJ LjJ-jIjj J& i-iIjjJI t_Uj ^Lu-jj .(« t» 3 - 
4jLi_- .(<( V .. 3-7 jSuiJI) Lu_u,Ui. 12 j LuiIjlu. U>.j 20 

jt (jTjjtil 3j_wl — ui - -.JuJI 3jS" jjs l fl <j ->j t jJjOj Lk jJji-« (___fl 

(jjs juii_> I (j j n i n j LaS" («-T» 3 — 7 JS[ uJI) 3jj l*iiiitl 3j_vl -Jl 

.4jir^LjjJI-t-aljjJI(_,"iNa 
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Cj\ji __ ĕjj ojPlui f ) i t il .. i ~i"i ______^_hjh^lr^_ u<j(t) :(3 - 7) J___JI 

rtt__Li — 1 j-— i .Ajjjj- 4 j __1_JIS Mii— 1J_J I gmg-W j <>-__>- «ij mt> l im"i — — -iljjj jj<"t 

-ojy ( v ) ^ i --b^ . Buckyballs <_sl> ubjS y ,_m__ji jj>jj__ i 

J-J— • i_-_J i<U_il__<J a_i nil «j. <— ».j)i . j^jjill _ilji __-> |«_I_JI _ «l itil i n"i 1 1 Jajlj_-l __; 

. (1) (_) j»__ii s^^jiiji^^iai i__> <_. ^_»__ 

(_1J J__jJlj,jjjjJj_II __l___l <_ __ .4J_t_ (___<.__ jj__l _1 jjlj 
l*__l___i^UI-__JI_L«_- cJjt-l^ia l.^nn^jjj-Jloljj-JI-L-- 

"_}_> <jL cl 1985 |»_JI _-a j j«Tmi.i <____ .J_jj_JI l-j'l"._.tv._, 5"»j ; ■■■II jj_ 

Prof Robert Jj>_- __ _>jjj jj ..m^jj-JI <<__ '_jjjLJI «1_«.<1I »_- _ -- __> 

Sir Prof. Harold Kroto j-Jjj- jJjjU j _ ,„ll j_. -y-j>JI «F. Curl 

Rice __<jIj i_«_ej Richard E. Smalley _JL jjl__t__j jj ■■■/ a jj.' ll j 

._jjj_JI jj_a __> jljjl^. jjj <__l ___"_ p^li^ ___ ^ij-jj-s^l University 

!___■ (— _> J_J 'Cgo (_— u— — Jl (jjjj—JI p inl - l_J ui Ljj-j — l- - 4j1_ <j__>l 

____ >1 _ . .. "L jJLi I jltll oL. l_IjjJI i_jjL__ __» (jA_jl ___-JI Jjj-JI 
L-L- _l jJJI Sean 0'Brien _jjjjI __-ij ^ James Heat __^_ ____>. 

."Lj.lo.tU __ljL_i-VI _— -J elj->-! <__- <-J-J.I jjJj 
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_jJj i-JSj-j» _, n\c ,j"j (j-* 4 l"i «i j Loj >i — al — ___> VI I j_b JjJj J~>j 

_f jl _--j . 3j_L_i' ^_">_>.ij ' ** ' Jj ■* JLaT 4jic <.-i~lr j .__«)U1I . U . ..j 1 1 

__Lc Lgjjj_i JlAIjj i jjLJI L».jJjj__i JlcIj_) jjJ-ujJ lt-! _>--(--' i n mi<II 1 j_- 

4 ~j"-~ _>_*. <il.ll __> uijJI (j "j"mI i-jIjj — £___• jjs VI Jjj-i- — ^ -^3 

_."'*- »_>jjjIj ~--9— *J (___-_JI (3—Jj-ill LaIjj>-I __jJI ' _ 'J^ ***"N 4\— ___. j ,~jl Ll 

-_nL_- y^JI j , 1996 f L*J ^joi<ll <> Jjjj .j-L». ~_}_JI ~ j_L_Vl ,wLij 
Jjjj _ j__ji jj,,i'«ijjjl ,<JL_II ~j_L>JI ■■ ■ .j * ~L-j>J ~_.LU (ijiTjJI L$_-jjL 

- LL_I1 __L_ljjJI (jjJLL 5o ,„L__* ^ j__ (jj- <__.jJI <>_j . Alfred Nobel 
1 1 _"'<j I ■ - • l_iL-__VIj jj___JI _>_* lj __"■< VL I -i j '1' 1 * iSjjL-tJJ — (jj--j _>'"*> 

J-: i_j jjj _>_> i__j_-Li (jjjJLI __it_j_JI jl >~yi I JUk £___ (____ 4 ji__JI 

. I jjk LLojj (_-_--J j-J-JI j_-__ j_ui ,4jj__vJI __LcIj__-_1j __jL_-L____T_f I 

I j^j _,«> ■„ j_j Fullerenes _>jjjJj_JI jl I _» j£jj _>i -____>__J1 _>— »j 

Jjjji) j"m „ ij <l< I Jjl i-llj jjtjMill _Jj_4J_U ^yijdgW fft i„l (__!l 4 M„'l (« u,VI 

(_!*___ <___ 4 ".j.n _l_j j," r,,\ isj—l\ ^ Richard Buckminster Fuller 
__1~ _«_- L_ j jk- __a 4jL__g __UI ^ Geodesic Domes "jmjjjjjJI l_iL_JI 

- LjjIc jlLi J_~_ I jJ .(4 - 7 JSLjJI) _U_JI (> 4~I**-U 4JjJj-J1 CjLjjSJI 

,Buckminster Fullerene j~m..'m.-<i (j_ijjJj>_>> <<__,l - ~_ujjj__!I __Lj_JI _-i 
l J jLlil_n_- ( jjj_iJI jL--l jl3j . j.>UI (jL-.-t-_.VI JL (J (-__ _,V I lj_t(jl jlu 
■ lUji.ijj Jj)Ijl_« JJjj (Buckyball) «Jjj ___j» jl ,<___j c_l j_C» 

ijj.»ij_>j_^-lj)(_, i..n'ij-1-l _)i .« jjj (__uji » i m mm<i "____ _j__ (j_- ___ji j_sj 

__-_JI JL-t_ __fl ____. (j-J ,(jj)L__JI 4li___u . JlcI jJI _-Jj_-I __iLj_i__!I ____ __i___JI 

_jj_-JI -j .1,- (___. jjjjJI I j__ jjL_> ,ojjj Lus J___) ,oVL-cJLI _!_"___ Jj ,__*__! I 
.Ijj-^jJIj) jj",,„-.Lll 4j__> (jj- (jLLi 4j j-L_ _-jJI jjjJI jL_ ,Luij L»_j .jj_" (»1 

I - j-~ . ..V" I i .VI. ijl -.".!!, -il-.j ^jl ,"-> lj J_,l -.".^ '« J" 1" II i_p^lj4j_aL--_i 
. 4jL-ij _L^_--lj Jl>. J£j .LjI ijJj)j*J _, ' nj\j JJJ jJk ieLvi_JI 

JL_ (j___ (___j _. j_<_5-i clj-i _JI j_u-i .(«jj-JI i_;jL_JI -_a ,Li_ ji> j_ij 

^^-Jit lji_. 4_«_ljj| 4_JLJ___. (J. 
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L_itSj uL-S j» 1 --*-" I ij 


<_---- L lj-JU-.I J_u l_-j 
JL_» f»j_S c ___ t ______-t L»j 




J ) ( 1 ) 

^l -j-jj-UI ^UI __.) 05-. j-ll-tlj J-jJJI ,_- 3_y-U :(4 - 7) JSL__I 

iui J— — i (___ u jjJ^Sj" hmjoSi jji itujj f _J.i MjjLutli (j^ij—wjii I a« « 
J__ Jej- 1 LJ*u Lj-Ai-j „4- J-*- ^ ' "J^L^I.(Ml5 (5) ( i ) : 4--e->i 
. ( " 1985j»LJI^JuS^VI^Ij3_-L^^l»j 


(^j-al >fi LULhj ^Sj __Lj>_ tLULuk- 

__ ljL_>-VI j— __jjl«J Lg-I — - sl jLU « Jjj ^j—jJI » — >— jjj>- «__>- 

S^ujjj—JI jljJU (j^o — L__aJ 1 _1_ jJLaj <_l_ _ij_>l 1'ij-». i l<jjlr £>lj_*il 2.iil~T-l,l 

4j"mU"ll __^L*il j jj_ (___ i>j_ jj L^—j J-jU jj-M jJL «J (jK U— 

3J^».Vl ■ <_■■ ... Ij — ll -LuL <L__L>JI 4a____1 i_il____l __— J 2 A 1-^.1 1 

«Puel Cells _j_j]l LHi. _Uj_j Sensors __l _ J L__-Jl .-_^jj__JVI 

.(__j oLj- (j_ 5 L-_Jll <Lp-l_j)N _ ) L____I 
«Lol^jJlj -_li__JI __j_ejl £_Lj _i j^i-l .<Lu_sUI tLLl-J I C-lj__— Jl JM- »j 
<_J_JI £U__> __fl -_J-x_U oL-iJ«a_L 5jl_I j "oLo L^jL . Jjj (j-JI ____ ĕl j_*ll 
«Lk.L-ijjjL- <<LJ.LJI JjjJI ^jI— - — >— j — Jj. ,< ' J" * — -lj_ — — — -lj .JjjJlj 

<Ljjjaj"ll _jLjVI (J_ 3J—J 1— 11 ^j_>__ -Lil (___ <La I J_*_ m/I Ju_ (jjjjjjJJI 

«jjuLbjji» (j—j-a J ""■ <<L_LcjJI ,j_.|j-sVl J j.Li ^II J}_ cl (j_ 4 — wLJI 

«gjj.j-w jJ» (~_L _9jj_ll .««Lj_j_»JI i_iL__-'l J!>__l» ,j_j_aj Alzheimer 
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i_Tj--l 4_ul jj 4_j__ 4j_ i-irtMM<l _; jJI _>__>J1 _-_ I a-a .Lou Gehrig's (ALS) 

j-Jl-- __ _)L IjMlrL- Cj^Jol __jJI ._jL_jj__I ___J L_$j> .4__jjj_a 

(___ll i-jjL*-JI <__i_,jj __j_- .4jj_ Antioxidants 3, t . ..*?! cjIjI ___>_ 

jj jj>JI Neutralization ibU- __fl Jjj _£JI 3 jjl. ____ 4_" _> .»11 _1_ La-j-»- i 
_j_ _Ujj ._iL__VI (0 1.1-w J_.Ij Free Radicals _p___JI ^Li 4iijjjJ.I .3j__JI 
_pl___JI _11_ — jIjjj _jLjjj_>J j-"*-' _)j___>JVI — 'S' ^j*"*^ "^--^j _>jj— ' (J^Li. 

_J_L__ <___j ^jJjlj U-» '_j-— J *■— 'Ljj—i Lgj_ __J__i _^JI (jjjj_JI Cjljj _"J— -J _r>JJ 
_,_j .^ii.-sll J_-b 4jjjj>JI __j-_>jJI <____ 4jjluJI 4*i In ".U nlj! (jj_ i>Ja_»-J 

-Ja _JI J-vjj (jjjjSJI Cjljj 3jj 60 (j— » i__J__i 3j_-Utl ____J 3j_> 

jjjLj Iji *l ■■*■ J-uJjJ (jl J-J--j _- Sjc-ljJI (jjjj-JI 3jj (j-^J i3j__J __».j_>JI 

4JjUII (jjjj-^JI _jIj-j I dkLjjjl i__>U_j - j_-Ij c__j __a oL_jjjj». jt __ljj 

4_->L>Jl -jLjj-Sjyi ^j» («V ,S>\\ JJ-JI jlj-U Jji-jj(j! I—-- - _--J 3j__> L$J 
. L$I_L__ ___jj l^ta JoLjj VI _>jjj_JI _jlj jJ ___J I _pl " "ilL 

3jljj_JI ■ -« 1 ~lj.t-.~t l _, JjjjJI _JL__ Jlj I a l( jj _, U __IJ 4_iL__VLjj 

(___Ilj.4jjjy.JI Lj*jJj___Jlj.eljjJlj It _J_JI O^Lj-a^-- Jjj_-_^4_».j__i,l 
. ^ 4_jjsjJ,I 4jnltll CjjLs_J.I _j_« («i V iX JJ_- __9 4jj^__ 4ju_i 3jj i<-ii j "in 

4___L>JI 4j"i--ill jj4*JI _)li .j»jaJI __j_.j4j__.LLI j___JI cjIj__JI Jj-_j 

3jLjj Cjj! l. k |Jt .(JLmiJ j-J— I (_— — - JJ"l"lJ J__>ljJJ (__J Cjljj£ _>_>lj_w _(_ I II I 

. (9) 70 _JJ - 3jj 60 - _,_•! <u__ y_. U_ 3_^.jJll oljj jj__ 

Jla .(jjJjSJI _va _S>i-T JJJ--I 3 jjjj» _j_9L____l ___JJ .3jj (1 1} 84 . (10) 76 

gr^j^j-^je J^c^^ m i n^ -JLI ^^aI-JI -jLjjjjJI l^i L__Jl__j .C 84 j C 7d jC 70 
__Jj 4_fclj_ij _______ SjLjj __JI uHj-^I _r^ «jLjJI _JJj cJjjj 

4j>j___a jLal -i_3j .3jjjl>JI _jL_L1_-_'I _v« jjj_ (jjLcJ ___u L_- .__Lij_JI 

-uj-loll jjJji-l ^Jl-i 

_ jIj^ j? __Lu__ll (jjjj_JI 4___Ll_j 4_jj_a _v_ _jjl _JI «j->JI _r- Lug-jl 

-_>l i*l "XI _)jL_J i____ tfjL^jjlj4"i n *-_Fa_)J— J_> oltll iLnnjJI J_Cj^j.CjLij_JI 

UjrjJj^j-Jlt-jLLJljj ...j^jj^JI _Ul_____.1985 j .ujl ( >j^t ? _yi 
1991 ,-UII (__ .IuIjUI NEC <__, (iJ (jj 4ij__u ___J_JI ___LJI .S. Iijima 
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Laj .ci^j / 12 ^ Carbon Nanotubes 4jjjLJI Ojjj-JI L-ujLii «LsLi^L 
UJ ^miijl jjlSJI j^a jlcjjo ,__lc (j_C (__-_>LI.I (jj_5JI (jLSj )4J_" ^«JLtJI .Jlj- 

<-JjLj_La JL-j.3j_p.Vl 4j.j_.Vl -jj-ic J>L>. «-ly-L?- «4j^jJjj_j jjLj»L_iLfll — ,___'l 
(jjc jj_pj(_^L^Lai(3__>J-JI .5j<"jUj4jJljjJ.I 4j3-jJjjS[j jjLUI CjL>.jlttJI t>j_. 
oL-wjJjj__JI jsj»1 I g ii i r*jj L-Uij '«ijtjj m-JIj (_JjL>JI .jj_-II L^jJjj-j» (_>-j-- 
4j"i-r jll l_ijL-*_JI C-_-jLaj l_ij___Lc (__--Vj -j-jJI yi» jl — u-jVI L$_ jC ___JI 
jj-*JI j-JLCJ 4jLaVl _,-"''*, 'J ' jjLJI jj jj_j j-a-C. (j-a (__rljVl tliLisJI JjL>- 
(<uj_J1 i_£jL--J J_ji (jt jj! - I suxj\ jj-_u_>jj-JI - ___. jjl — u,I J_-V jl ^JLaJ. 

jl*j» (___ (ji^jj (j— ^; jL ^' j 1 *"-! '^ji+i u-> ^ij^3 «^i i — « jl 

4 at-il i_flLiuSVI I j_4> Jla Jl_3 i Lu_jI . jjjiiia jjc 4-a.irt'Ll jl jilj jjLJI j-jlc 
l-JJj (j-jJ-i (_yj3 IjJ*-' Ijl n m aj ijjLjJI L_L>.jJjj_Ll 4jj--> (__fl iVil,l J-J 4jj_j 

j-jjSaJjj-A)) .l-_L_0_VI L-Uj(_y> 4jJIij-$-.i Jl»j 4jt(__jjJ_JI (j-ajl-Jj*» miII 

(jl (__JJ _r_cl ui .« jjLJI L_l>. jj_jj_j 4jj_al-ljjjaJ)) l_i_j__» __r-v£ __-LI frVj__ (j-a 

-jjkjJI JL-s-aj < 2 JL_o «^a jjC (sl*JI L-jljjL_S V ^sJj IL&uuLjj I fl"ij hiL-w (j_> 1jJJ-i 
.(j__aj-->JI (ji j i ijrt- ». ! ! (j; mir-»Vil ,l * ^j a -» J 4->.jjiva jiLJI L^jJjjS-i (j-t n li I I 
) ji-l >-jjj.jja I j^_. <(j____ie_JI ^-CjLa _jja SljjjJI Lal 

S -UjjLUl j^J>£JI >--ujL-i __uS>U 

^sj 4 i°ii iti.i a (j-jlj-i-j CiU-u jj-a" w jjl .4jjjU! qj jj_CJI l_i JjLjl 

jLL_fli L_il j 4_*j-5-_a 4_Jj--> L_-JJ-ii (jc SjLc ,_-_* iJj-S _j^a (jl injVI L$-ij_»j 
1 .4 j-*_i (^J L_>jLL__i -L_juI (jnnlna ___j Ju- Cu> .J-JL--JI (_-fl 4 jitilTio 
(jjs 4jjjjV I — jlijUyi La — uj (!) (__3 (5 - 7) J£ — _JI j__sjjj -j "ojjL) 

3U inljJ (_)■'->»■) I fl I rt t J (jjJJ_JI L-lljj J-uljJJ L^jfl (__Jlj .1. ij iLj VI -J Lj 

I (j ijj -*i i (__JI 4ja ftl u-JI JajljjJI (J--U-I « j-t (__3 4jjj| U*a .Ja jljjJI 

(>jjuj .(__£ lTjIj^j (j-Laij .OjaIjjJI Jla lL fj_-Vl ^^SJI jlj_a ^ 
>LaU. L^-o-jJ j j i ii j^ Jj-JJ 4jjjl ji. jjj3 5jj-_> (-j) (5 - 7) J < u i l l 

jL-J (_-JI (jjJj-JI 4jjjjV 4j_u__»JI (JjijjI iiall L~uL_-a __j_i J L>. jj_u L^jA 

4j_->. JL9 (jLS . jjjSLJI 4_uLfl «j_*LJI 4jjjj_-JVI _-Lij<i l ijj<jl,l i -.-»." _£jj 

Lliljj lL_jIjjj i '*< .4__JjjJI Llil _>4JjU.I J--i Jj4_- .4j1c _j_-j--J «< i.inij 

."ujjjLJI OjJj^JI -Wj^j^ UJ^-- 1 5.Ciaa 4jJjJo J_»>1-l- ^ _jjJj_JI 
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^Lj^SLi l "J-^J 1 <i 1 1" a (jLC 4 il 1 1 «ij^yj} JJ L^i_jj3jj_jJI ^gjj—j 

J ; ". ■ ■■« Jl*j L^! ^JI I jJij .jSJj .SjJsLJI JuijL^Sjyi ■-■i ; j < ...j jC_.il 
NEC^jJlj^LJI jAj .ljJ.^jj^)?Uj^OHj.,, m.Ij^JI i^Li^, 
jjtj ._3 _^»«jl 1 <(«JL«JI u 3 cjLjjjLpSLiyi icLli^ .-<\<j j<ufcf mJJls-I 
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_rt-__>_j L&jJ$__j Jj_- 4 ut i II 4j_a __>t i rt"i< i-ij - i Jj-i (- £ - j > 1 1 4 , ,,ljj 

_f_jlj 4j_aU_j _,"< ae 1 1 1 JU--JI (jj>^ _>Ul ij' --^" — JJ-J ' U-l a i nj lg"">l J-- 
. L$J p ^a l *"< l ^Jjja-M 
»L.j j-_j i-jLj-Jt Ojjj JjJicjj 1 ttJJejl __&»_ ^Ls (_JI CjIjJLI JJj»-! ____j 
4_____« L-_j»-j J---'-' l( _-_jj__!.VI j_LJ1 l_jj< miJj-LJ.1 __>_ L$J 4___t_ 

4jj_ljJI \$tL\n* jl L_3l _;Jj_j V J_ _JI 4jjl jj_ _l 4jjj_ _jUj __». j_a 

— Jl"i 1 " Ti ii 1 J_«, !~L_j-_a (-jjjUI Lgj—j i_ij_ i_.jj_$LiII ("i-sj — jjj-J . j_/ajjU 1 .4 

Ojjj-JI Oljj (jj> __V5/I -jL_« (j__a 4_JjM.1 " JjjjJI L^ISL- 4jLj -jUj ,,.-».11 
1 Lu*jI dL_iI iL-lj—lajj-JI _wa _jila 3 J__ (-11 L$JI j_>I _l J— i«lj .4 lniljJLI 

4___ CjIjl) L_> _h«j • t -—J —jLj- (j-a 4vaUl U _>___- (_>_. 4_s_ij 4___jj _L_ 

,<_____ _-a _jlj_Jj -jIjjj J__JI Jju VI Uj*jI 4_c £J--J <<J _;jJI ._-L___ , -l 

4jj J__i__J j ■ l— _— J1 4_jJ_ (j___ _;j_- -1 CjLLuJI _jlj_L_ j__t__t_) ^l_ '^- ■ 

4_« i.-iU-«- <__!! 4jj_*_JI 4___o j 0 JL_L_ L« _)Jl__ (___jjI jJI '_JjVI 4_jjJI (_3 

. jjLill L^jJj—Cjj jtl_ JU_a ,__ (jjj__«JI (jj— Jl «Ulc j^—jl 

(3j2j>_ ,jc 4jjj__LI __4 L» JL>- j 4_ jL_J,l J_> : — j _jL_j 3 Jlc — jJo I jt L_s jjIj 

__--L-_, nn-i ^_i(ji 4 i j « II _ L_! j j_ jJ I jLa'?(jjj__Ll^j_ (_-»_JI j-»_y I lj_ 

-jUjm.-. ULl Ij 11..1 1 jjLVl — JJj_Jc aj-i<j-i ■ ■ -j , „ _J< J-.SI « jr jj j-y- j_-l 
jj^^Lt«^3jL_^l(_^uLVl j'i -»~,j— iUjjJ-tL$jJj(j-"j54_jjJI Uj-_jj_j4j ; ___ 

. p_^ l i "ij l^j— — l _i<l ,l < t^j l_L^__;j--ULaJcj__ i - -La 
(j_J "-jj-lII _tt— _-LJI (j_ (jj^Lajj l_>L — iJI ,_jL ji (_Jj Li_ ^»}l_Jlj i_)_l 

(_____ i4_jL_J.I _Lj_ ___a La ~ jjj>U_ __-LJI ( n _0_J (jl IrtlUa jLJI ^yi 

jjjt JL_t "jj_ miII 4_>.__j (j-jjj JjJj - ja-JI I J-_ (_1_ C-4J -J_)l _j_VI 

« j_s LJ j-ljIi0i'L-L_ Jjjlll jj£ j_aVl(j<J- Ij—A^-lc^JljJI-jL-a-JI 

4___ (jj—J LaJjJj . I __LjjIj L___>-jLa (__Cjj t_j _|t (jjj (j-a «4 _jL__Llii 

_— -LJI J t" 1 iij 1 <ij< ~-_- , jJ _r— II S-U.-.1I 4_La VI (jj> (jjjj—JI i_»jjL| i_ -I ___! 

. 4_jL_J,l o j-_ £j_j 1 _ 1 j 1 11 JJJJJ j-S 1. 1 1 n"i<LI 4_J_ J_ jV 1 nj < ftj<j .al jj La 
, 5 j n U « 4j.aJtll ^jljjjjj — _L_ J__ '(_-*- Jl <L-Jj_)j I ijt-jI J— 3 LaJ_a LsLjjj 

(_a __a_ii ____jji ___». u j_>j ,4j___l_,-i r ji_ii ji_jij _,___? _J! j_i___ 

.jjjSJI (--_J1 jU_VI 1 _ej___aj .-JLJI _J_i _JI L___L_a -JUJI 


147 


>-l_1L_»i»_fci 

iLij_L_Jl J&jS3\ i-ujLii gl jii 

: I Q ij \ _>jo 'JljJ 3 SjLC 4lni.iljj 4jjjL_1I (jjjj__II (__jj_iI j 

JA\ 4_l_>J_JI _, _j .Arc Discharger _____j_JI _____>__JI S—SjjJo - 

.^U\£l\ -JJ_J __Jj-l 4_ij_. JM^I (> I aJTJ l L^J___J 

. Chemical Vapor Deposition (CVD) 4jjLj.«j< II 5 y*h\ ,.,j,i, ^ 4SjjJo - 
. Laser Ablation jj_JJI 4___i 4___Jjj 4jj__JI - 

J__jj_JI J»-i (_y& L_cl ,^>a I .Sj__ j__« » I <i I % \ I j (jj__-LJI Jj jjj 

_jj__JI d_vl__ 1,,,'t S_o.l_jl j-i-lj 4_J__ (J!! i_;j--i 4j*-L_i1 __Jo __JI 
. <__u j_a L_jL__u1 _Jlj La _-jJI .4jjjl_JI _j_x_lll tfj_* (j-a 4jIL_II 

(j__»j .Sj__IjJI 4jjjjVl l_4__ i__Jt_3 __Itl _)IjJl*JI jj_- __JJ L_cj>.jj 
>--jj-iI : U_- _*_ j_ _-JJ 4-se_LI SjjJLJI _jij — Jj-sUI >...j.i-il , h ji.^i"i 

>_-jjLjij Single-walled Nanotubes (SWNT) _,_,\ -».tl S—oUl 
.Multi-walled Nanotubes (MWNT) _,Ijju>JI S_jl_. 

(jlj JL^Jl 3u_l_-i utU-» i - > l 

Sj_L_i ,jjjj__i ^j^'-' ijKikyi u__j (i) ^ (5 - 7) j< m,h __ «jj 

. J___JI _JJ_ I JLO- liUti Ijjj .L.-JjLj-l __« S J4_i J__V| £ji!l ___j .(jl jJL>JI 
4jJjJo £_L__o Lgjl (____ I ^lj-V" (j— U 4jJJ__l c__JjLl_l __Jj (ji -____! l__J_ 

_____uj __LfljJo __ fl" .4"<i _jlj|j_ _/i 4_jj_ __Lc _j_« .i".j'^lj_l jj_a 

.Buckytube^i-jjjLji ,«__,l .LjLp-I L^ _U_^ __J_J_ ._^ __lj£(j_» Sj£ 

J___j .'"ij-- .4jL_J Sj_u_' <__jjLj-l e'jJt j— 1— j) JjJo _ru 4i mitl <jj >\j--j 

jjj_i (jij .U_J___J jU__'_I __Js 4_w_ JaU- L__Uj 4JL_ ._)j_U __tj I a"'".* 
j_>j One-dimensional Structure _____ _____! j j_uj s-jjLj V I *___ (___ 

.j_jjU __JI 50 ^\ Jj__J J_Uj J_> jJI .JjJaJI 

6_a^is___u_^i_vi 

SjjjLill (_-JJ-iVl _v- 4jjjjV ljlnjUV" U-i_j («5» 6-7) J< Mitl _-_ojJ 
_)ljJL>JI 4jjL_-I 4-JJ-ii (j-a 4_i.l JL_o S-Ljo-r a (j_a 4_JJII ._)ljJ_>JI SjJljuJLI 
> nl",Vij .(«l-ib 6-7) Ju-lj j_j-a _____ -Jj"< mi"i |jji<l 4iil'iVo jLL-al L^J 
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l__»« S .l,.t J --l:,j* J _.l 

(jljJ_>JI 4j_L_l i-_jjUV! _-3 -j_;k'i (j-i i--J-j-JI lj-_ 4j_j jLL__tj Jlj Io5 

_v_. UUj i -l~icJ _,_]! L$__»lji- ___ JUJI 4t hU i j jjj Ujj Ljj La}__>.l 

• oljJJ>JI 4jjl_-i l_,jjLV| _>_>lj_- 



| (V) (b i 

3-,n'U ^jL)VI -jj^ji _____ ___>*> ^t-jt--^- (I) :(6 - 7) J< intl 

>-llj-'VI a__> ' -^- ____j .5__-t___l ^jjL)VI -L-j <,->■-- j_> ijjjil .jl___lVl 

j__a «J_«_Laj jU__1VI -____-«_. j-ilj- s>~_. (>- «jLiC Lgji J__-5ii .,__--«! .lnrt 1,1« _h« 

•^(^Me^^u-^i 

4jjjJI L^J^Li. (j_ L___oj (___ _Jl i4__sjjj_JI 4--I __U i_il_ Ljjjjt Ujuu 

l( <Uj__l _-jL_JI J*L__j (jl (_,rtU;I,l (j-i .4jjjL_I oji>-^ ^re->V 4jjj_j_JI 
_jL____I ___- l( (j — __>JI)> L-jljUl 4j_>U _j___ .L_LJj ___ j_»JI J- 4__j_aj 
C-j__>-(___!lji4jjjLJl l_.jjL.VI l_-J Ljj £_-__ (__JI _>_.lj--JI (-j.«JL__JI>>j 
.^JL-ll £__J i -l_a_- (jj5 ___-L i__VT 4___ _>_ jj_1 « IjTCl- a» __JI 

Uj £____ <___tl ^ 1 (Tensile Strength « j__J1 4->jL_- j 1 3j_i» ^ ^L__j V _,_. 

^Law-- . n|-,Vo) 4j.al.ll J_L_,jVl «Ljjl ljJl». J& j_V| jjjl .l-^jjL^/I l__- 

_ljjj_JI i__jj_) V JL-JI 4_jL_- jl J_U (JAjjj j«j JL_j . cl j _- J_- ____ 4j-.I iirttij 

4_uii nti^ 100(_$jL__ L^jl J_vjji4jjjj| 3j_JI , _ ij< . ■■jj^j * ^ U . ..Ij ■ 3j'.jM :tl 
iL$jljjl 2__- (jjj (_jJI (_--_ L_Jjj . jl_JI L_iljL^».y L-i-aJI ^ljjl (__j__ai 4__j__- 

. ,_____]| 4_ll__ 4aj^l g _h,Ji_- (__JI Lg__l__ __ij_J i*-,j-- 
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»__IL»»Jft_d 

^jjj^ ( 14) NASA L_Lj aJLSj j__ o*C&& 

lj£j_a 20 __JI tjj n"i ij Ij jo"ia ULc 50 4j3 l_jj — jil irci__ (_,— — J £jaUj_i 
<__3 4jjjL_l tjjJj-J' S-i 1 -' j»ljL_" _l 4jjlSLal mJJjs 4 _ljj l—Ji^j ,Ij"i~j 

3j_l_ (jj£_ .Space Elevators 4jjLi__ jlcL__1 4jj_ Cables oMjLS ^i^ 

L_3j _Ujj ,,__>.jL>Jl t\ i^iiill i_jLl___aj 4j__jVI i_jL__J.I (jrj-i JojjJI i_— — — ■ 

_>~ 3>p.Vl ii^jil jjjJjj (-s-<lj .(7-7) JSL-JL £__jJJ _,ljV*ti rwjU 
(j^jjiLII u__j-' i>" -j5L>-< __'"^"' 3j_- cy* 4j__-j_:I __Jj (1 "^ ^jij LUI 

^Lj jJI ii ^.'(jtl _Ui (jj ~t-».*i j-— > 'jj-^ll jlj a", i nl 4j_jj__ , 4-_y.a, a j 4-— iL_ 
SjlLI jjl ,,a_fcjjj__ __3 Ij-i^jI JLSj -jVjJ LliljLLa 10 j__> 4__j_LI 4"iiil<" 
.LLc 15 _-_- Jjjj VI __JJJ Jl_i_J,I _Uj 'i_AV,t 2 . j 1 U 1 1 "u_ajj| 

(_>_—J Ojjj>-1 J_ 4_jL__ 4 lJjJ L_Jju l__L_I L— . i|»Lc 300 (jjo Vju l_U_j 

. jUaiVl 4jjj_ i4jjjjj£JI v±>_Vl _a____l Jj_ (j<J ,__ji«JI 
j-a i .jiLiVl _j__ Hardness Sj}L_ 4<ijq jljJLa i_sjL_. _va («^j-II c-^j 

4jj_a4jjjL_l uji>— "-r 1 -^-' - _)L_j}_ 4_jjj_a i jL jj__l - _,__.! 

_t-.V i.-.i>»jLc La lil j mi<1Ij ojm."!! ju_ 4__L_ «LajULa mJj-u or. .Elastic 
___. dil j __a 4_ji_a .Bending Stresses _L__.VI j <__!l ol _L$>.1 ^ p A 

«LajLSja 4jm3 jjijj .4j3jjjJ.I Elastic Materials 3 jjJLI jIjJLI _L__ ^ jt^ 

Elasticity 4jjjJ.I _l_ -_j_j _i__j .__L__l 4 uo> j_-u cL__j}_ i-.lmll 

L_ _, " 'i •"■ ■ __Lc 4__>L_ Jjjjj ,(jjjjjUI i. MiLji Ljjj (« _ujj (__jJI ,4jJLJI 

jjjl) ^jl mJJLu (jl ^JJ (jJJjj ,L_jii jjjp J_5 ljIjL_uvI mJI Jljj Jju u «j i UI I 
.4jJLJI 4jjjj-aj i_3ajjLLI JoLLLI (jja 4jlLl3 L_pl£j .li>L\« j| 

ujjjLjl Ljj jjjCj (__jJI SjjjjjJI 4_SLjjLSLLI (j^ljJ-JI l_Uj (__JI 4_aLi>)/Lij 

4^uLjjj_UI (_>olj >JI (j^a jcjt_5 JJju jJlajj Luajl (__— (}3 ,4jjjjL!l jjj Jj— Jl 

Jjwl ,4jjj__SLII 4jJ_»jII ^.lc u^uLjS)! l_G 3jJL3 (__"l"j .3jjj_ll 4jjljaj<llj 
4 «ij^ (jc Ijj" aj^ (^jJJ i iif I ,^i"i" du> , L\J ^"i a"i"i (j-jJI '^jLjjj—l (j^lji-JI («j_l 
Sjjj.jJLIjjC L^jJL9,aJJj(__JlL_J_lj. (l7) 5jJ» 1000 j^l^L-JI j__ 

(^l (jjJI ,Thermal Conductivity mJjIj_>JI Jj—sjiJI __lc 3jL mjL 
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_^4.!*lj«*.: l >M.-1l 



LgJj j tri *i 1 _— >J - ' Sj- - _4_ <j irtjVI d\ Vt»U _rt_J JajjjJ 4t)L_ _jl -j "i rtt.l 

^"Ujjy^l^Uj^UllOj^jjjJlL^Uij^^CJ .i^l» .-.M.K JC.t.tl».-.jjj Sj- 
___ "U_o>_ I ulWI __M Jaj^JI ji ■ijj.jUJI ..l__»_.l _J| 4_J _>___tlj _____ 
J-Js _-a_-j___)l____J j_» 15^jII__«"U>--«"ij j) i r->1 1) -ij->jVI ^-SjS _t-i ... 
(J___l _J_ -j_tJI i___J ^ -jLitl l__ __tj„ 


3ju_ -*j^-j j-o .«ujjj—JI _,j — Jj— -I i__jj_I I4J oTi _,— !l i_>->'j* — *-> tl)! 
i.itmi __ .4_l__JI -jbjjjjl _ijj~1 SjjmiIU "jaUH _jL__j_ I __a _jLla 
3_Ljj__I <__JI £> jl^J <__J_>JI i_jL_joJ__II j ir-l~-j _)l (___■ 1— J__ _"i i__Jj_ 4 oga 

,i-.l ~j .t-_~.tl ,5 juJs _,__uJ I 1 __— 1 a _,_>j_:l _.! C- jlj _l_j . 4jjj_JI jl_ji.l _, a 

:__J_J| J___JI J>__ __a _JJ_.j , l ___jil jl L^La ^UJl 
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Energy Storage JLaliaN ,jj>io o 

.Fuel Cells jjjbjJI L^U* i^LL^ - 
.Solar Storage s.... v -.ii ĕLaLkJI ijjjitj - 
Hydrogen Storage u?-^-jj \<g\\ <j_j)JejJ 2u^jt 3 /-1;,^ - 
. Containers 
.Lithium Batteries ~jjy oLjjL_j 4_L__ - 
Electrochemical Sj__I ^Ls^LajSj^sIJI <_L__l 1 3_ __■ - 
. Supercapacitors 

Electronics £l^jj_0 Yi o 

.Field Emitting Devices w '*^tl _.UjjVI 2j^*f - 
.Transistors oljji_jjlj_l - 
.Nanoprobes and Sensors _L_L_»Jlj 4jjjLJI .-. l ... r t l - 
.Chemical Sensors 4jjIjij<1I _ ■L_l.,i-»ll - 
, Flat Panel Display Screens 5___Jll <_>_ jjlII _.L_L_ - 
Microelectro 4jjj_jj_jJL1 4 j^Kjllj 4jjLj4_t| plv.ll 5j - 

.Mechanical Systems (MEMS) 

: lfliji {yt njjj_»i _VL»_ SjLC ^ 4jjjLJI (jjjjSUI <. m iLiI _i_jjj I j_ 

.Composite Reinforcements ijSTI j_J jljll 4jj_jj p_j - 
. Water Filters *LU 4_i_j (_._*_ j_) jjM_ 4_L__ - 
«LjJLI <A>3 oljUc «_e Suuy-miU Membranes 4j___Vl 4_L__ - 

. Water Desalinations 
. Waste Recycling __l_ll jjjjj - 
.Drug Delivery (oL_yi Jib ^JI) *IjjJI Jjj_jj - 
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8 


JH JjL_ cJI Jj^UI ^__a l i.nn-, ,„ l 

j ,<-ii«1 4 nl"iVU jj i^itl ,j c ti, jJ-«i1I 

■':.-< l (jOll .JLjjLUI «jlj_*j ujJjSJI 
I jJ_ _Jjj .Sjji^l 4j}1_1 _>j_JI J>U 

(PJi ^j.^sii 4_^jjj__i ^l*aVi ,_ji 

. jljll __ 
(jjljj. 4S_xj La ___ lj_> J_ i(j_J 
5Sjjj_j ^jCi i a jljx (j-o jj_l Ij^»jJj_j 
,(_u L__ ,£jjl — _l (^j_jj_ ,V j-_i_JLi 
<(_)Ijjj_1I)) ijj) — lj mhIIj _Ij mhII ■ f tl '■ * 
I g , „n'i 5j~< ali JjL>- ('. ,i I (jjJI *JJj_J1 

4jjjLjJI (jjjjSUI jjj_ _al i_Ty 2LS"ljJ.I 

_l_ljL>VI j— jIjj __J1j Laj .4 «JL-UI 

L_jlj_ 4jj — _J1 ^J^j ,4jjjL_I 4 mtjI I J J^'J W'^t' ■_'"-<"j 


' ~ ■ J I j J_J .4 j-a jj 4j u, 3jjj_j 3jjjL>JI 

_Jl_1 cjLJI J— -i <jf J^ 
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HUIL_»I»__ 

J^ __>>_! jl .jj-JI L_^.jJjj£_ Sj_.UJI olSj.h-.ll _jl <,u__>L_JI 

L^jI ii .SjUj_J1 SjjjLjJI jljj.1 (>a I I i_J__JI (j_a J iniill I j_A oU<ii>-> 

. 4jJ_j_Ij 4_JL_JI i4-»4J,I LgjLal iV~inlj Sj^»~i,l 

__4~jl i____l \j - 4jl Jli j-La 4 j| .(«-_-_! ijJjLSJI _ c __LitJ _... jl 

La.jj i) ;<-|j l— Sjjj LL-LjjI Photocatalysis _, 'j.MI j____>JI _ IU.^« 

4_jj_J.I S j<~. .1,1 Ol 3-j-eJ.I __> JJl— _>}Lf-a <__ - '-'■ _;jjl j-o_l . j__L_l 

____ <__Jlj .Nano Photocatalysts 4_jjjL_I S jlj.^ll olj__JLI ,- ...L 
s__i._l a_jVi ^j ._ jh;ii _,.Us;a VL_.]j Uljj .4__U_ ol>___ :__> 

(jjs Sj j a~ill 4__!l _J jl jjLJI I j_»-jJ>__ _—«-- 4— ■j"nj . I _jj! 

.Multifunctional Materials .-■ > ~j.u-.t ij ,-.i-t ■ Sjju__l _ljll 

_ljJ.I _1_ «.l_lj Jajl J 4 U .TjJJ 4 j '. S~. 1 1 j 4 j '. S 1 1 oLti___J,l ,j-a jjj- _, *r < ri \ 
. Sj___l jlj-l _rt_> SJjlju_ ' ' ■ lj j ■ -~j 4__L_ oUJ— i4_J__J,I SjjjLJI 

Sun Blocker S_o.l_JI s___JI oLUj j oUjj_ _>- _i < ...■ <*1 U» ____ 

5SjL_JI L$jIjjj_ (j-a 4j1_jJJ _...a .lill (j_a <_ol_JI 4_o____jJI 4j__^U 

oLj__J,I ___ jj'.<1 3 __L_JI _jj__JIj 4jL_jJI o>I «__ _jL_ (_t l_Lo _, o 

(jw» 4_j_j ~__Jaj SlUUI S_j__l_JI __a olj .oL».}_JI J_o 3_jjj^_JI 

Anti-bacterial Lj_p_LJJ ol jL____C J___ ,__JI ~US>__JI olj__JLI _____ 
Sl_j_-I_u jl mi~.'iVI (j_ U_«'.t, Anti-fungicidal oLj____J1j 
Sjjj_« i Sjj<~i Sj\^_wi jjal jj jj_. jjjLSj .|»jjJ1 jl_L_jj _« uii U lj_j— -j 

_Sj__l j_*j 4_J_JI Lj"< .11 (j-a (jr-ilV.1l ___. Sj__3 .4____ "_ul jjfc jj}Uj 
. Lj-I i"ii"< i i.l J_c (jL_j^l (___>. j___ (^pjl 4_Ll_jJI (JJIjjJI (j_ 4~j_jjj 4 Sli 1.1 

o1j__>JI __bjj____JI Sj^_>-Vl (j — a Ij_ij_ J)lj -a-M (_3 _U__ Jl_I ijj 

^jjj 4__»j__ij . Jj__ii J i-ljjl (_yjl j^JI Ja _jJI 4j_J_J 4jjj_J1 4 jjj__JI 

s j_l_!I L^J «U- j_!>_) j_l jj i_jl> (_JI Ijla . Deodorizing S_^__JI j-1jjJI 

,_!! .oLjillj __J1 J_JI (>a JjJJLI J__L c tJ j___JI _Ui_J 4o__ 3 j _____ 

. LgJ _— ^-JJ _-- _r— ' 4jjJ__!lj 4jJ j"i< j 1 1 (Jjljjjl (j_ l^.rljly- L__J_>- 
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4>i ~b»MJ U*i 

SLLjLo <Ls-L»-j ^tj IT J>ljVi .i.l £JJ-ol .SjL«jJIj (J.LJ.I <>Llajj iij 

Sjjini ^Um Vl ijjjj "JaLtaj <_Jjz <_jlj-i>J.I <_!_ J__»L>_ __j_* .LfljjLa ljj>! 
I jj .L&jIc "t^jjjiijjjLi-B CjIjjJjj jf u"JI>C _"l <— ■ — -jjJ jjJ Jj^J <"-»jI_ 

JS" . Self-cleaning <__jt_JI < ?tjU;~ll ^IUmj jVI <-->-j La (j__L__ ___ #_ 

.4j_LJI (3lj__Vl JS"^ «l-JjJ^ inj j^l j_>lj__ .Uj^j oL-_L_J aju- 
"■j'1 .VI L^jjJ- t "l-jjjJI ,4jjjjJI I "^U:^ Jlj _,| ^ysj ^^ai-j 1 ! (jicj 

j ■ " j II J «^a nill «Jj» i*i-r j ml (___l jjLJI Lu>. jjj iCi 

f>JJ-l~lj"TI Ij i iSi <-j— i Cj\ ij i - • 

, jujlj Jljj-. __IJ Ti0 2 j»jjj_u_JI Jj _->l (__j-i SjLaj («JUJI 4_jj_a J-»-jJ 

^L-- jM jljja 4_-l ii.- j..lTi,.i "__C_UI 4*j--l iu« _Jlj Lj __jl_ __j_- 
4u__jJI 3 j___l _____ J>L- SjUI « ju* r ljVi ,iil -jL^I ^jjj . t >Lt_Jlj 
(j|__jjLJ -__jju_a -jL L^ji (_-lc "j}Lc .(___LftjSJI L^Ljj L$___-jJ -JjjJoJI 

-jps ,Ti0 2 5jU <jJUJI ^Lj-j&JI oLoJI I juk _>* ,<_ijJI _-_lc j . "JLJI j 

<4jjs iniiiill 4-* ui VI Ju-a »ej___tl jjl i<i a (jja jjLuaJ, l^ij-ijju J ic 

-____>Li_l __!____.>£. J_)j . __»_- jLoj JJjS" _!_• uj (_yjljflj^ll 4_ol iij jIjjJ 

-__Ja _,_> «Flaking j ___.» J__-jJ _*_ j. .5; 80 j__j ju_ 4jjL_j_JI 

jA\ u ._a__JI -___. V La__>j_- jJj-. _JJij .Ti0 2 _>LkJL. 3 _'U.i j__.ij._jl 

.Ti0 2 SjLa Lgjjuuuaj J>-J* (__-tl 4__j_a Vl (jljJl <__3 Ijjju L__jf > i u.i* 
(j-ujl JlLI ' _l_se a (jjs (jjjjwLJI j «LalaJI _____ 1/1LII (jjjJI ^ * jJUj 
Jol M.ill (O-ljL) lj3jju (^jJI "jjtLIiJI * jjfc (jt-ij ^gi uiljj («JIjJI (^Jj 4jaltll 

3 ^-jl u,|jjj| tiJjj jiLij i-jj^Jo! Lu-p. .Photoactivity ^Jiji^ll 

(j-oLuala^l ^JjS. 4jJLc Sjjjj LJ SjLa LjjL .Ti0 2 Llil uit. LJ Ct ^ylJI 
(jj« Cjljj jJjj (_JI ijjJjj Ijukj . 4 j 1 11 ii i 1 1 1 (3jj» (jnfl lJI 4jlJ,Lj jjJLjJIj 
2LcL<aJI» frLa.lt II Ijji jjjj .l-iI jjjjhJI lLLLi jja u, ^Jc (jjj* uuS^I 

^JI .oLjjjJI diJj ,>« iiJjUI L-jL.LkjJI j oUjj^JI L,jjjjj ^jJI «iL^*l!aJI 
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!_^s\ jl Sjl____l» inLi l_»jj_ iSjUI <jj-& L^j ^Tm"" Sjjjja 4ji<->_- 
_,_ ,u-« - jj , — cl, tuJ 5j.r»L>JI ujukj .«Photobleaching ,-_ jj(MI 

i rti'^-1 (jjj (_>>--l 4jjj_ Ijiiii^! (_3 "jj-j-j- L$i_J .4jjiUJI TiO^ -il mj~- 

.ZnO liljjJI , > j i !!*>! Ji_ .Lj3juij L_jlj_L« 

^_ij__}l j_j»JI S^aU- • 
(ji _-JJ ^jjjMI (_jU__i/- I J Cr-- ^--»-t ^J-^-J 

. 4j3b .H ,Jj— ^jno nill <U lII Jj_a (j__a (_jj__. j.lina (j_i 4 aj_j 

l_*J(L__jJ.I 0L1 i~J (j_i jljJLI ,__3 eji^-iII _>_»l 1 <a I 4j<j iKja j£i j— J I _£ 

i-i.i'n j^. L» IjJ^ljYjjjLaj^ljjjlj^LuJI Jia.4j_jJI Semiconductors 
-lJ-oljjJ Valance Band<__^jl_-JI j___JI JjLLi (__ "ualjjl L^_jj___JJ 

PhotOn _jLijjj_JI AlUo ^ a , „- .4_uj__ 4_LL_ - (__j__> j.lir-a <_1J < jljll 

___. jl jq-, ,,, VI j *LLJI _-__. « Ujj^dj LgjjljJ ,_-lc oJJ j J_*-j - energy 

i~jlj j ^;"i j . ajjUaJI l_1_j LjjI -___'.' \st y (< (jJJ j j .SjjJI jllnill lj & 

1 0* j j___> .l(j mn'i 5j<j'iKjU (Ti0 2 Jlo .4jjiUJI 4jjj___JI __.lj_i_.JLI 

.__ljU_9jI,l »\-i (jja jljll ,J_»lj_- ljE3- "jj« '^*^ 4jjiUJI 3jL_jl (j - jjl " ■» 

.4jjJ_> jll___.J Uij<: __■><«__. jJI __-_. 

■j~-ij"* _, 3 Jj-u '4-JLc 2 "»IU oUjjjlCjyi «j (b _->l ■___>! J-Lcj 

4-i_»l Luia .jjjejj LjjLa i3j jJI Sl jjj LjJajjJ _, -Jl 4_)L__II 4-«-l3 jl J La 

Jj__3j_Jl Jl — L-i f — jLi i_Sj_ij j__I _.L__i _, — II (-Sjj-J 'I — 4jljLa _-— . Le 

(oj^Li l-Sjju (Sjjts JjVl JLUjJI ^jj-. 41l__u _;jJI .Conduction Band 
Sj^LaJI oLjjj-_JVI ol 'Lu» Jj_JI i_o>Uj .Band Gap jL__JI 3j*_ 

4jJL_ 4_Uo ,„-,<". t J_»L__J) jLUi ^ 4__l jJI 4-j^jLiJI L^jIjI Jwa (j_« 

j_lS_JI ,____j (jrjj J_jI jJI j__»JI_' (jj_j .Band-gap Energy u « , ■■" 

.SjT-rttl JJJ(C. (j^a 4a»-jL>JI i_il — jjjj_jVI (j < n" I^j (_,— Ilj (J — jjlojjJIj 

jjUj Uij-- L^jl- .4jJL_i _jL_* ^i Jaj-j SjjJLj oUjj__jyi jj (-.j--j 

L^jIjj (j_s 4_jU iCjUa- — _JI (_L_ Lgjwa J^_-u ■ j_-3__JI JjLl — jj L_$__lj_i 
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jj>t -b*-U U»i 

oLijjj^lLdlj yj^Ij UyLcj— ^(^lj.cull^ ■ i :.11 l^^olil^i 
.-. r.-.M iLaUJl CjLLI jiJI) 4Jo^Vl U*^l^ j*j .Cj LL» Al l "lJL^, 
»j i>> CjLijjjii ) 4jjLj jjLjJ jLSLj V LgjSJj • L4JI00J L_juJJ J j «"'» (4-L»-jja 
^JJ (jj 1 U i" 1 n_f jS.! Sj_ lg»°llj^a Ldjjj <_y— >- — 4jjj_3 4_LL — (j_« _JI 

2jjL Ji.lj 4jjIj 4Sj_. <____ luUjj—-)?! (jj^j I . Jjj-o$iJI Jjl Li 

Cj I j - T e < U I (jiJJ I fl 'J.t uriJ-£ '<j> ' - II ll I jJjjjJ iCj>L_>jJ,l «i±ut {_ys jljJ.1 

<j_Lj l(_yJj^_JI jLjjJI JJ _J ,>g-».1l L_Jj (jalL_l! (_yl— J l _J LjjE _J I 4j3.jjS 

. I i-WjJLIj (.■tl—JI — _ji . U "■ 1 1 

-u...*ut (jjl-Ul • ^^"ii » 
^jj-Lj (jUc (_~>jj— ^j — =«.! i(_— _»U1 <jj-— " ^ULut- — — ~> ^;Uj Jjjja 

4_J_I_ (_£JL« (j - c 3 ^ ' °>.'g.' 3 a 4jjj»_ 4 jjLjLJI CjI _ai_>JI 

4jji>h1I l__jJJLI 4jljJ <_l_ i4jji_ -jI.ij.i-- (j_o 4_Jj\U Ti0 2 CjI "i iU 
,__lj .SjSlj 4_j>j>_ jjj_JI (_fj_>.! __3j . (2) jljil -U ■„ <_1_ <j_ 
I 0 i ii j-L '(4jj i?if 3 jLa) l-L_j j~i i nVI (j^< «!->■ (jjs 4 ii .iU i"i i i nj Uf_ 

|»Lsj .Ti0 2 3jLo (j_ 4jjL>.! SjjL -tia __ 3jj3 — Ujj ij__ajjLi 2 j__ 

^311 _1jjj__)N ^ ,jj. oljjj_»JI JJuC c-il ",-r. _Uj J_J jjj_JI 

JLJjJI j"o Mi.ntl (j! I J JL3.J J__j . TiO^ 3jU 4j-lrUiii1l 4__Ll_JLI <_-!-_- 

.<2±jjjj l_VI ji*»- (j_a f(_5jJ>- 16 10 j__ 4jU«> Ti0 2 (j— a J__1jJI 

CjLijjjjaJ 4 i iiijjJ.1 4jj ir-iitl 4 ii j U 1 1 aJJt (j_»j^j_j L_Ji Jjlj ljjsl_> ^aj 

liLt jj <4jjjb innijtl Jjji- 4_ — i VI JlJjjJ j.I ino jjjc SjjL^» 4 — JJJjus 

>*1«i iii (jl (JjjAJI i t-i-».y 1 4 j i a j Sjjjj JST Jjljj . 4 ii l"i V a 4jiaj CjljjjiJ 

^^l^jjjlJ 4 4jjjjjJI SjJLl SjLjj j^a L_l3ejjJj (j^jjLLu 4 ii.iUII 

L^jiaJjJU Jjlj I «Loj 4 5 j La 1 1 O lL^Lj (j! ^J i4 jjjjiaJI CjL_jjJj-aJJ 

lLLIj ijja (jjl>.LjJ1 ^jjj im\ Jl9j .4 5jj3j 20 5jJ ^yJjjiaJI jjl i^all 

3jLa Jjl-x* ^Jji (Ti0 2 ) ^jjjljjjJI Ju lu^! ^Lj 5jLa SjJ^ .4jjj»jJI 

jlitJ ^jJJ L^Jjjjjoj ^U i iill (__j£. 4jjjijjJ.I i4jj ih«11 ijJjjj"iinVI (jiajjj». 

.(jjjjSwtl U i n^! ^jjljj <iLa 
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J}j~Jj (3_>j-_IJ ,_jjL>u 4J i nl i n _yja l_fc}L" Laj . 4jj y" 1 I _•__* CjjLjI J_)J 

OJ^i C_j__ i lj-u£ Vjj>. .^tJLcJI __3 4jW ill ^jjjl jj,l _wa ijji-l 4 /itt i 

TiO^ 3jLL 4jjjLitl 3 Aj.-^ll ,-.lj ^ — t I "____.__ _;__,, i_jjb__JI _11_ JS" jy-i-u 

4jj,<->«11 ^IjjuIIj Cjl JjJJLI («^ljJ ij-a -uVl 4jL_> aj 4 j U t"i JL»_a _, fl 

,___tl 4jj_>L>JI i_JJj -JiL-JI i-n-wjlj 3^1-^11 4_ujjJI Jol l_jVL> 3jj_j.jJ.I 

_JjJJ ,_jj_--J1 jJLuaJ.1 _J I jJ SjLLI _>_>JJ- ; _)' Lr'i TiO^ 3jl « Lgj ^ "i<iTi 

3,> , „^j_a 4jjj (3l-Vj La < IjjjljjL __9 CjLi-e — __J1 4jl>.jjs oljJsji _J^~' l_r'! 
4_u jjj_> j j J j rti CjL_j_a __tl I j Ijj --" j 4jji>i<II jljj.1 JjJ-sj L^jLui (j-a .4jj^ 
__j| jj| __lJ___JI |0-jiLi 4_J_ul1I tfj_* m ■■■ _r-»JI — JJj JLuaj -4jjjJJ 4nj, I ir> 

.~J___/>U Self-Cleaning 
TiO^ SjLa cj! ui-*. Ljj ^ * <>"."> ___!! 3jjo"U 3j__iJI -djj c_>.j! j _j 

i 'II i a ...II JjjjeJI 4jj_* -_a _ijl__JL __jljLj (______>_j (JJj-J '4 jjjLJI 

4 jUr ! *1VL__j ,j_jj_JI 4_t_ jj 3 .-Jj" __o _,".-»- ) ^jj nia jjiinl _JJjj 

jL_iVl 3* I __») __a 4j»jLitj __U YjjjjjuaJI -__o__J. 3jl 1VI oLal z£ 

3jLa (jua 4«! "> "_*j 4 " ■1-' ■ i — J I i fl> 4juj____JI JjjJoJI 4_vj uu 3j_-__J,l 

__L1_J 4_l>.L>.jJI 4jUr!>U <_-l jJI . ?tjhr.tl _^j_ ij v_JJjj .4jjjl_JI Ti0 2 
j_jj_j__xJ| ^_uL___9 (jjil uA __L_ 3j__iJI c jjj jjjj cjLal ___JI 

jl_ J*_ULj .c-LaLiSJI 4J-j_? ^ ^s, iV„„ll 43.U1I 4j Jd ,„,. 

-Ja -ut 4jU_- _y> 4jjjLJI TiO^ 3jLa CjI ij i-~ i ; i Y\ <i" jl i3j-_iJI i"i ■»•->.'> 

_>j_ 4_>ol_JI 4_ujjj_5jjJlij>II CjI jji.ij-JI -_a iU>.jL>JI CiLal j__JI 4jUr I 

Lwjj ____ j- ,„- ^l 4_uj ,„n _jjJ_JL> jLii VI __U_ Ji-I j -jj^-JI *j____ 

.4_JLc 4jjjj_a 4_)L_? 

.-.Ua-.n («l» 1 -8 JSLiJI) ji-Jl t _>jJ.3jj__(l - 8) J_L-J1 c _-ojjj 

5 a! ^ ■'. 4_L— 5j ^ "■ ■ * j-jjjjj-ojl .-»li»l 4_J_u_ I «^LL > jjjU jljjj jV--j * ' 
Jj« ■"" JL»j CjLsL—w-SJI 3_.UA I 5jL_j jl 4_9_lc. (___i .4jjjLJI TiO^ SjLa _j_a 

i JSL-JI I j_4 -• i r>".JJ . 3<iL_->j (__£ 4 a.V-r~ __ll ^jjJjjuaJI ^jjI ,fi « 

4jjjjJ,I 4_!__vJI i_3jjJ_> C__>o .3_U_ j^-_i J_uJ1 Jj« , »"i _)_a (<-C.jJI _--_ 4j| 
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.-■U«U .Ti0 2 _>» 3_j_ »l '~' -I j_a 4jl_) . L^iLlj (__jJI Lg __. 3_JL_I 

j_«VI .(«^» 1-8 J£__l) L^jLi. 3_>-j_t 'J oLal _i_ 3jUA i 

.J—JI Ji-b Oj^Ijj «—i^liaJLI 3jLVI ^j——* (^yk. 3J__L>J.I (jjl _<;_i! ^^JI 

^^iUo^t^jUl^j» 1 - 8)j («___>.» 1 - 8)qM< rM ,i 3..jj 
1 1 '••> «_>-)) Ti02 (j-a 3_Li_j ,____ 5jLVI _._L__ (j^a "-lj r IU^ _,_: .4 „ji 

«j->JI (jl — — ul .^jj.1 3juC SdL_VI Jj» 1*1". _— JJ .«ji.ji.VI *j->JI (— 
— j i<*>— I <4_j_i 3^jjj_?jjJU_ tliLjj ujj 4jLc |-<o<Ijj J a > I i a j <4jJ (_£J — II 

(«j» 1 -8)J< ,°;,1I J1«jj lj^.>VU>JI ( > a i 4 ii]l ( >i Ijjk.U^ 
J__ <_ ^lj .S_l_c j^ ,»„V 5cL_J.I SjLVI _,_l____ 3j__! _l>.V Sjjj_ 

3jL_ (ju 3jjL_»JJ j»Jj*j _j 4aJL».j_a 3jjj_-» _ij_>.| i4j_>jLlll TiO-) 

, M Ul l 5 ,1 Jjuj J;« <5*L__,I C1L3 I .*i.CU ^U . .. j 

yjj^SLjil lj^-JIj Ijjj^itl AjvJjLSL- • 
(j_a Lgjj_>-I (^yjJI 4-fljSLll 3jjjj |U,"Jlj 4jjj*_JI 3_ta — ij^l Juljj J-*J 

^-JjjLjjJI JLj__u.iI (_-jLj — ll ;j;^ (^yic («JLtJI (_,_) —IJJtjJI j£llj_aj _>L_b«J_ll_>Vl 

3_uj__JI _>lj _>JI 3jjl3 _,! 3.j«l«ll _)j___JI _iL_>.ji_« <_,. <! <Ti0 2 

(j-Laj 4j4j_j»JI —jL-CjJIj _>lj_J,l Jj_sj (__J-c . 3-_L_l <Ti0 2 Jj-« .4__J4.L_I 
____j! __j .Microorganisms 3__>j^a_.l _iL__JI JL*_a <_-j- I^njjt-»' 
Ijj-hJI ,__i) 4jjjLJI Ti0 2 _.! iji-w j-jj_ 3___j__, _uj_>.i (___JI i_jjL_«_I 
.Escherichia Coli (E. Coli) 3_>j__l ^ L ^l_jVI <__-L aijjjjl 
_Ujj '4jjj'i<;II L>L>JI _1_ (___ LoL^j e L__JI <_Lc _ iLjjjJI _l_ 3jj_.j 

jji) 4ji iVl (j_« (_-_L» — i_l j L— l JL __-lj ^j>j — _l SjJ. L^j_Jj__ J!>L>. (j_a 

lmW/cm 2 ^J- Lkjl_L_a jj)j V 3 Uj . „> 4_L__ij l 4_c*____JI 

LjLiw _sL_j ,_,!_ eL—JjJI (jt ^jLUJI _jj_4_sl .|_JJ>-I 4 u/ljj (__jij 

j_L>- ^JBj iSS^ ' 5jj__u 4 U j .T. T% ^j) (j__)j (4jjjlLI (— Ij)-C I j mijj mijVI 

4j»j_Jj 4jj>jL 4_J_C.L) 4jj_L_I Ti0 2 iliLua. t__Lc I o I jl .J3f (_Laj 

^j_j <_j_j_'l J_j 3 __JI j! (jjiLe-JI (_$j— > _j a 4___a ._La _JI 

j-la -I (_jj- 3jlj_»jJI 3_)jJ_JI _j_u_J| __3 Jj-».J(jl .3 _ljjjl fl_l & 
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»i-ll*|.»_- 

ir-iiill <__ LgjjJ— i__ cLuaj .Ti0 2 — il .'JJ-- 

J1 Jj_ 3___._M J^j^^ J*>~ .^jJjjJI 

4jjj_ll 3_jjj__I 1 I lj_.ll -•_-_ (__!! 4jjjj_JI i_._ljjj_tl JlJ j_ 

.L^ijUij *I_V 

3_jJ_~ 3 _ Ijj Ujj_j (_-1l ia^il 4_±__I| -ijI_JI __JJ 3jl i_VI jJ->-J 

3j_j__I _.lj_»JI 3jj_ ___ _ij___l uij^j (6 _009 j-L_l <ya __jj-».t 
J_> 6 Ij_*VLi 3_!L_1 oL-.^! J_> _4_ Ti0 2 3-U 3_jjj_!l 
3U.v.f L^j_ _| jj_ _,_!! .— j ...iij L__ _JI jjj n___J.I ~3j '""^ j^b-" 

|-..^||-- V «lj.(jl __l}U ___JI jU>JI (-_l 1—1 L-JJJ—I 

jljjj 3_j>UI 4j1iJI j ">_—■ i—tl 3jL__JI J_»l j_ jj-jj _JJ 3_$il 3 — _ljjJ1 

___l j-JI CjLiLa _-a 3j__i_ ^l jj| J___l JjjJo __ — J -J .___ -M __ 

«__ (___ LuL^j (___- (jt L^jLi (jja (__lj ' l<jtjiir-'i <__ Ti0 2 3jU J_~j_ 

1__Jj_J __lJjjA!1 l_ M I (j-9 (jj-J -— (_— I 5jJ__»JI _ll l_JjJ_JI (jjS 4__JI 

.SwineFlu (HlNl) jjjL_JI lj-jl_J (_-L> 
£L__lj iHlNl _, An-n 3jj_UI 3; ...» (__ (JLJI <___ _,l __j 

_.Kj___JI _________ 1( _L_I ,> 3_Jl__ (j-L-t J& 4j 3j__VI 3____j 

i__J_jj __9 ijj^LaJlj jl>JI —iLi—Lo 3j^».t ~-L— J __a 3 m inVil,l 4jJtL_!1 

. L^L-___ 4_L__ ___ L^JL-jJj 3jjj_)l Ti0 2 3_La _iU>_-j ol ;m_ 

tjj-JI L_-_jj ___JI 3 M-r jll --J-_11 — I _ t~."U in I -Jji- '_sjjt _J 

j_-j (___ L^jI ~r"i i a 3jJ__j i3lj_«JLI Cj_j _JI i ( ll'l 3jlj_JI 3__i_-_JI 

4_ej__J_J tlj^JI 3j___J J}__ (j_S _ll _,JJO_JI (j_9 JU JL>JI _J_!I lj_ 

3-JLiLJI _i_j__JI _;-_-! Ls3j_».l i_Tj_-i 3 — _Jj_ 4ji -_Jj _$_tl _n_sJI 
Masks 3j__i -l_J _JJ _J__jj j_ l^jt ._>-j!>UI -l_J (__ 3_____il 
iTiO^ '-■' 3jjj_ cjU!>L_ l_~-r , „"il __LJt (_i_ i . . .i jjj <___>. 

_JJ Jji-jJlj JJI _JI (j_o 4j__j HlNl (j_jj-i_ J_9 ^-k. 3jJ_JI l 4J 
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_>l i_bj_U u_»l 




**>_» J-S_c j^i__i4i_LiS3j_l J*i____j£_ill ,«-_». (1):(1 8)J__JI 

_.____i __. v «j>_» (u) :4j»j_ui Ti02 uU» j_ -_>__« a__a_. aa.hj i^jhri 
-^.i ______ __l___£JJ *j> ( j) <<___■ _____£ *___. j_» e jj». (...) .(1) ^ «j^^ll 

-Jj>_j 5 >_» 4lji *ni Jlju - J-ISJ L J_u -J - «jljl __LiS *___-(_-) .*$*>__. |Cj 1*1 (-» ) 
4__ bJ-tSJt Ijlj- \Jal$A ' >L_a 3 4«->.jJ1 ^j^a 4l j ^ '■ * »jj ■-* t ) ■ -___-, 'j j ■*■' ■"' * " ■*' 
.(. m .1,1 j^— — t ,jj£ Jj 1 -"'Ij -J— -I 4_L_>I 


Uj £^»jj (__ jJI 3_uj__*I 4_ i _j___.j > $_JI (^lj — i-Jl -j-9$J I — - J_- o— 

i_flj_L ob-*^ QLaj JLml ___. (-.Ahj .-jj.LUI Ti02 cj! ■ j . 

i_ijL*jJI CjjjjI >oLu in".„l,lj (_--jJ.I _-j--j- .-_i-~lj_»_l CjLAajJI 

jjjjl ______ J~Lj_JI (_a Cjl — ij i-»ll ___ 3j__ .Cjjj_>-I j_JI 4_ijljLll 

1 1 - 4-jj i rir jljj^a L_>j_i__.Lj - Cj__jJjj_JI _h— — jj C jbjjj.CjU i Ljj j"i*\ i 1 1 
. Ifljlf cl___JI (_£> .(jljjL>JI ___ -___J ,_1_. (*-lj_J -1- 
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»-UIL»»l»_&. 

eULi J-LU 4_j__« ijj-Li ^laui • 

_J_ 4oJLdl .4__L___U _,! . M L____I ,j_ JjL-J! J____J! ,__!__>__ U£ 
UjLi, (>« .-_Li_J Ij jlj-^yW ^jj-JI j ,3^1.11 ______Vl <j_ 4_jj_ 3j-c.L- 

j_jy (jl _ij J_JI (j__» . 4j__jj__^j_ 3jljj_3 4j Jr -jLfll mm^I _JJ _Sjjj ij' 

(^l _>_!jiJI _*^b -___L_JI _jIjLj_-_I O o Jj_J *L_t (___ 4jf .___ 

(_j)_j jj__jj (_Li>-l _►_ TiOo (jja ^>>Li a__jl_i 3IU.U .jljll ^U i iil I fl ■ ■ 

Sj-j-a 3 j__LL_ e LJ*JI _____'l . _! jll _•__. _U ,„V (___I_JI > niUi"!! LU 
3jj_j _; j_ 4_Jj_ _JJ I j--l_j (J (-$_ 5 ____- (ftjJI. ■ ■ ■ ■> ■ (__- _>__ <J _;j_-! 
Ti0 2 <y 2 ~": u : «Llaill SjLU _U ... Wettability JL __L- ,LU .-.l j U« 

■ 4j-»-,,in; Jl _|j_) 4_u_i_'l <>_U_-)/ <_P=>«jJI J-JJ Jj- 
*._.L jjL-JIj J_LJJ I a 3_U -Ja >- 4jLLfl («4-" _3jjj_U _, aj 

«d 4JJJ.I j_j -___J_i ji Hydrophilic »1 Jl 4___ - Surface Wettability 
c Ul _h3 3j___ ___}_ 4jjlj <__o — l_j U <__L_ 3U ,„l_j - Hydrophobic 

e j_* "_»j_ ___lj UJ_j . U 3_1___ _u ...t Water Contact Angle (CA9) 

U__fl. u ^i-;1l (jr l_j.LJ ljj__ ja UI-jljJ-_- UjK;J-jjJI(jl_4jjljJI 

(3 i <-»"!" (jt-i *UI .-.IjUSl -J___J| i ,-_ _J__ | j__ J_ .«UjljJI iJJJj 4_m_ cJ_ 

. 4j_C («STIjJuj 

:_rpJI_- (jrtj _)jL_j _|l VI I ijlr U_ .ljl«ir 3j__L_JI «___> (<ifl<iij <j_Jj 

_y_Ul > njU t — Ja _v (jyL- JII jl JuU i_j_ __J j»j— J _)l _-* '_, Ij-H 

_,"mU jl-__U t__v — __j _)l ___ .4_jl_Jlj ijAiLa — L».jJI (j-« ^jii^-ia .(*_.!_ 

lir 4_uJ_Vl i__J (__fl 4j9.tVi,„U cH" ^JJ ^-I 0 - ct- 2 - s-Ul (j-a 

__j — _,j . 4j.o ■„ 4" 1U1 3lUta UjIj (jj_J - jjji-JI (jl j_)l _,_ L^JU-jl 

(j-G JUJI _ru _)J— J! 3Jl-»1 M,a (j^a .4__j uiJlj 4— kJjJLI 4jj— cjjl i_JJj I i i^ n"i 

,__--U.jJI -JLa _JI (____ 3jj_wjII «.LU _jljj__) JLlcj I «lijj^ .j»Lj —jj-sjj 

4j_ Jj_J .(__»._>- jJI -J_ — _JI _J_. j__i — __J <(--_____» (jl _,_ _)„ lo_l 
3_v_« — _JI 4' iUILj _,U-II jjjJI _J_ 3jj_j.jll _j! jU3tl (j_a I ,'tl jjUj 
(<_ (j_J .jtla — _JI _J_ (j-« U__!jl J^ — __ _j! jiC 4_jj_ (__ic JJ_— ) (jl (__- 
.-U*JJ4j_j_?(^ 
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jt* a" S-Uji) "-i_-> jl <JoJ __JI __Ol __lll "_9jl___Jtl _, II 4jjlj Jj _jj 

,jps .U (« u> ^ia u, <___t L_J__*_ — -J jJjls .Ti0 2 3_1 — o I— <$J 

__Lc. l_La-cl -JJjj .^LwjjJI _>_a ol j .ntl jlUj 4jjjlJLI CA9 - 4__j_> 

| j__> — U , .. ^jijjju La I jj 4j| JLjj . p i h -J I I j-A -r t-i i „ _>-Jjl ifi~ij 4jj il> 

<__t jJ__» (jLe '_ r ..■■•■■.< 5. .-.M\ ^j Ti0 2 3jU> ( _J___JJ r ,, ir Jl 

S-ajii Ijjj£ L-_>l<iV'il j.gtVi (jL TjLp ^Ja _JI I j__ __ic 3jj_*.jJ,l «III 

L-Lat Ijl ___j| j ___Zi (jl ,___ -__j_JI LajJc jJj-j j<u _>~>j CA9 -jjljJI 

i>j__ j ■ ■■ ,jl aLjjJejJI i_jl__uljjjl (j-a jji^ cJjL». __9j I j-b -■U.,,11 __]__ 

(j^iJjjj . (9 ,8) L_J __-J_J1 _ > _L_.- , I _>c ,,, jr ] (jlj 3JjjJUl jjc 3 j__L__JI 

-U... (j| ^jj ^oLJjjJI lLUj ^jljj L&JJ Ojpjl (__-JI 4jjJjJI CjI jj i„ii~ll 
(J-uajJjj j____Ij __JJ-t ftUI jjjj i_jIjJcl3J 4___j-*j Jl_C. i(___».jL»J1 -;L>jJI 

jJa — uJI I j-_> __lc l-_jlj-__ luI _>c j__*j SjjjS" 4jjlj ,«j_) l_U j ___> -jjSLa 

3jj_j-jll 4jju__jJI __iLjjJJ.I (jjj 4_3* jj 4 3jU — luj" SJL». (__3j . IjjJ l__»JI 
I JLA __lc "U<i" r « f£\ j_uj jj_-_i IjpLe .jtla — <_JI I Jl_> __Lc _Sj-»J1 «JjjjJLi 
< f ll*i 4jJ__-i jjiij . JaJjJI (j_a 4jjjJI -j-Lcl __JJ ijjjj. La ___*.!_>. jJI ^Umtl 
(jjj 4jjV| 4_ r ..inl .ll Jjii 4j — i _M jJll_J. -_-_• jjJ.1 i4_o.Ls.jJI j-__> — lu _M 

(___ (j__aL_j __JJ 4jIj_JI ___> _<;jjj I j_» (jLa .4j»jLJI Ti0 2 3_Uj ._>__»-lJI 

.(__ij.Lj.jJI jJva — _JI jjij JJ3.jJLI «L!_JJI I jj i_jIjJo_jJI (j_va>lj "ujlj pjh 
_)SLi_JI (___ ^_l_>jjj jj. La_> ■» U . „11 __ic oljJajjJI jlj 3" , „1 _jjj _)j_*j La 

4__J_> _)l_( .4jjjjj_»jjjLij_ l-iI mi.ijjj ijjia ^Jo lJI _)_? IjJ La! .(2 - 8) 

V .*LU (j_a l_Uj_JI 4j»j_)j 4_Ua __JJ 4jjjSJI olto-y-.H l_Uj J>J TiO^ 

.iljjjl (JjJJ 

4_o.L>.jJI ,„Vl Ti0 2 3_La ,>LL_ 4j_, (__a-*J j__JI Lt-ajJI 

l___jJI ^ (__J_) .l^jlr 4-jJLI __>! jJa_> ja-CI j-j JLJI ,jjj i_jI -_Ulj oLL-JJ 

(jC L-Ujj .!_■»■ In luU jLijJIj 4jjj_M CjI hj-l JL___JI (jji I Qi n" 4 u__j 

— .—- » ■_. . — .«ll-. -U ... f w l- 3-11. 1| __>.jJJ| 4jj-___JI jIjJLI JjJ_-j JjjJa 
^lnnilLi l_4l i<Vill _)JJ Jj-*J La - __jj-_-JI j_L__t*JI JjJo _>C 3j — ij-jSh 

.-juIi ^u.jji 
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SjLa («JUJI _,_ ^Tjj-JI -jIjL-uJI £_uj _jl_j — (j^ (_j__u C__l_j J-Sj 

_j|jL___ "L^jLiJI 4^L».j\JI -U ,„Vl **>__. .oIhj^II 4jj_I_ Ti0 2 
*">__JI Iju. j__j-1.4 .'i.^^LuJI ____l_ j-j.L^^UJI l—jljJLIj 
-.1 — -Jl ,<ll-,-t "..,'1 ^ 3_.laj .2 ; <jtl jjjj ft Lu! (__9 4____J _>j-J.I jj-- __L__JI 

L«JI __L__i L_? .j l U„ Vl „Lmi __| jJoi l^jlc j__**jj _5 _h» 4_o.L».j\JI 
_>_> JJ*JJ • L$_a _) ^»IV*il lj 4jjjjj_jjJj^JI jljj.1 oLyjjv Jjl-*" _,]_. "jj-ill 

L_jj___. *L_I ,__a _jjLj _JI _;_--)/ '^jL^ Slj-o "____> (3 - 8) J_ _JI 

_*- 4_l_ _i 5_L__j I I __« _____ __U_ j_ j ,jL__«Vl J_l__ .-,--,"■ 

_~i~ ' n*i J-> -Jl _F»_9 • L^J j_-VI _____)! JJ—J I I n iji ,4jjjL_I TiO^ -jLa 

_,_JI - «LJ.I _jIj___ (*_>lj- _i« -i» STjJLI _U,,i (__!_. 4_ui_JI tfjL_ jjj»-_. (jl 

j__ La , I j — *» _o |_"L___VI (j_> - 4______. _j| JjlaJ <LL«J-_a 3jL_ (jj <*■ 

,4j_jJLI JjL_J 4j^*jj_mJI 4jJhJI —•___>_ 


__->-4_>lj 
-U„,)l __ cUI2j--i 



Aj-JJo JJ -UJJI ___- 

( c __j ____) 

(?) 


J 


___ _v^3tUI _-> 5j__fl J_-_i ___> 4jjl__ J__u _J_^__>— f»—-_ : (2 - 8)J___JI 

iaihitiiiL i.jjctj,^ ...v.-.u '"»(■,■);_>'■» jj* _j ,l ~' w .r'rj~. u •'(') 

^_i_j 2l__-^U _j u ~ ii.'i tj<. nitl J_>j . TiOo SjU. «Ujjli -il ij ,-- _-« ~l_l__« i~ij"ij 
"(')- -**" i"tl__- cUl~j--~__^_--^l'-Jjlj~-- > ^- 


(10) 


(u) SjULi -___JI e *JJ_ __j 4_JL_t1 
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j>l <-4j».U U_»i 



Sj^UI 4»J___« 

-jjjLill jI jJ.1 j '.<! _►- ___ Ti0 2 3jl a ciL^ ul- 9 1 •>•" ^ J 

^ L_j___>- c-Jjuaj J_s <3j__jJ_l __Vbt_a ,___ j-jJt" — __i jl <<_____■ jJI 3jJ__J.I 

jjjj* (j-— ■-> J^J • J Jl L*"jJj--J (_r^ (J ■*» 1 " S- 1 ' (_>' _)— -_-lj J -=-3 

Cjljlor _>£. 4iilir"itl <__jj__JI <?L-jj» jjjjt*i~j ~_>J__a ,__ <3j__ jjjs _, iLL 

Volatile 3 jjL__i_ 5 _uu>ir cjLSjj» ___. _;___»_ __ltlj <<"__j_.IjjJI J__u_>L>J.I 
3jU "jjjLJI 4__jj____1I oIJjLpJLI ^ Ijl*_-___L ____Jjj <Organic Compounds 
_jf __Ij (_$*-L>_ t_-Lj — -_•! <_jj — _-tl ll^j J---!l j-»- jt .J~*j • Ti0 2 

4jj4_u __H JL3 <<4joj>*_JI 4_i_L_ Ti0 2 ,3j3.L__- _)_> 4jipL CjI ,ij,i-_ j-t It-"iiiiI 
jljJJ 4jj_JI -Ja _jja 1 J_w Sjjj-" 4__l u_a L^_jj_— -J Cjl m i-»JI -JJj jl u—jl 

i__L_f ( __lllj t _)ii<i _JI (jja <LajL_JI 4j-»-iiinijH Jjj-I 4j__<Vl j_y_»o __3 Jj Vl jJjJI 

JjI-nI (jic 3jjL_ 4jjjj <__it_l __>Jj3 l^ninjj -_JJJ lP.P 6' _»- CjI m i-kJI _1_ 

, 4*;_| j|| 4 <"i 1 i.- _Jj--l JJ_-> __J| Ljdjj)_»iJJ ^Jj—iL "Ujintll _j_j__I 
4j_jj _____!_ _jja u—oJ — __ !j__— _o LaL__J ■ I l_u1 jjjJj—JI Iju - j*_4— — > J _5J 

4j3rij 4_hJI__- JL»-l _>— ~ _-J-J <Ti0 2 (jja 4jjjLj __l ,ij,i~- t 3l t-ii 4 4_u_j 

_--~-aJI Jyj-iJI ^tl) jjjj ,4jj<^i»II j|j>il __L_j_a CjIjljjjKi 4jj>UI 4 jj_JI 
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L^J jL^Jol (_pa>»J l--J_ij iL^LsJLta ojljJLI 4jj_JI <— Jj— «J .4jj-*-JI 4jIjlj <_--- 
»U,..II Ijuk L-Uj _Uj ,j)Jj-_tl ^UA ^3 .^jih mJI <j ii,V 4_i_-jjj-jj £jL-_L! 

cAj^ c/^J Ti0 2 c.1 mi^t, SLkill j. ^&L 4jj_JI <j_« ^l jJI 

. Activated Carbon .Um.UI ojjj--J1 ^-r..ia {y> 4__L _l ij .-»- ! 

,_-J1 ,_£jl La .j-jj "JL_JI Jli _-_>Li 1 Jjj— (jX. 4jjjJI (jhie lj .l-U_> 

_)Lcj_«. _1jL_ _-JI 4jj-_~ .4jj_-U 4jj_-,I SjjLLjJLI -u^,____J| oL^jII j-j-p 

.4j_ijjJ1 ^jj}VI » U , ,.( _,__ _lj-»_j->l J_ uiill (jjjji-JI CjLlxi3- 1 _ ■ — " i" La 

.4jj-JI (j-a L-fc_L-.L_aj Jj-*e-«J — Jjj 

- (jn4 Mitl * j_i_J 4j__j__U ojjjLJI Ti0 2 — Ljj-- 3 »jjj> ojj— . t j_jj j 

Jj.L__J1 (_,_ i(jjjj_JI _l ij j-«- J__J Jj_j.j_.Ij - 4j~- iniii itl Jjii4_uiVl j, I m« 

__£> 1_jjJ __£>lj ._)jjj__JI oL_u-v 1 ___J| "ujj_JI 3j_jejVl _Ljjj_>. 

, ' 4jju1J 4_uJj--> dUj..M 4jj i ?if _L_>j_« JJ— > __JJ Jj — " 

~ll«j.»-JI uLumII • 

a-jjjLj -jIjjL ___c 3jL__ ,_---> <Quantum Dots 3 : -j„<il _L_j_»JI 

4li__ __1__ I iU..jin>i ._}< L_>j-a «L_-__J jlj-« _) « Nanocrystals 

(X, Y, Z) 4-jj>_ j_uf _jI j Nanoparticles Spherical 4jjj_. l_Uj___L 

.Lj-Jj l-4_> .i_Ljj-_JI _-J> — 4» _J (j-a («— jJI cr-^J • *U k~i i a 4j___/ jl 4 o lVi i a 

CdSe .CdS ,_Ls> Jla _jj___jil »i ; __L_j_a -jj- J ^ 
jirditl 4_jjL -jLjj--. 4__l_> ,__ _>j_ La lju_ 4__L_ .CdTe <ZnS .PbS 
jt .Fe jjji_-JI .Pt _n_~jLJI .Ag 3__JI .Au ... ajJI Jla 3j_». -uU_ 
. L_v4>j_i_ij CoPt3 .PtFe __1_.L_-, Jla 4jji_ .<IMji.it —Lj^ 

jIj-,1 _j-a 4 a i ~~iU 4j_-ll «j_ _>__lj_-. _rLA»JJ j j . n ^yil Jjl_-_JI ^ ».jj 

_»_jjj /jjMij4jj-JI jj_M.tl »Laj<tt |<JLt ^yjl Cj>__>jII t>L i- 1 4jjjL_J1 

4j_Cjj_aVl LjLajJj-^—.al-r i »1 jaj<1l _>l* . „t - Loujs E. BlTJS ^Jj— J 

SjLa-JLI l_jLVjJL -jj. Atl Bell Labs Jj JjaL_ua Ja J*__U J_Si>l m-jJ1 
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jJtj-uijuiji' 13 ' 1983 ,-UJl Li*j ^L_L» j-J-j - 4j_^jj>Vi 

4jjjjj_J*_M (j_»lj_>JI (j1___>_i (___> CdS l_->j-~ l_)Ijj_j CjI JJJ_- jL-jl j jt i<->" 

(<_£lj|j__jl <_-___- 4Uc Jjjij (jj-jj^ J J "'J^ JL^ 1 lMj-J • 
I ji< «" jj .5 jjjJ.1 4-4jjJ,I (-^L_L_-__£L ^jLUI <__J SjoUtl JaL_^»/VI f.\ jjI 

jjj^jjjS" JJic j jir»-H J (j-a LgJ L jK cj iPJLclj Jjia j--jjIj J-il >-f*ii il (jjJ 

JLu (jt UljJ- _j_£j <<-_. I jj .O^LuOjll .1. ,*„V ".-La^a-JI Ol.J.^II (j_j. 

-_aj_"_a ,Kavli Prize "j-U- 2008 _-__U.I j_UJI ___) <jjjjj jj ._u_>j)j_JI 

»4jjcjjjJJI i±jL«jV|j (<ul__l "jljjJ 4_ul_JI J.ji*U 4j_tjjj_JI 4j_ijJ_-*_ , 1 (jj> 

Sumio Iijima Uj-«j| jjjjjj-jja r,.\\ ^LUI <«JL_JI 4_i__l__« _Jjj 
-dljj , (14) ijjjLJI oy JA\ ... jiU)j^>J(> (j__JI 4JI jj>-jj ^j_JI 
(«Jc JL*_a (_ys 4_)*>L>JI UjjjLcIjuIj 4__>.LiJlj 3j «" ujl U__oj£>J Ijjj-_j 
.jjLjJI U>.jJjjSwij 

(^aljilt» 

'*'^.'-."*"^) ^JJjjLlJI CjIjjJjJI l_LL~ jl La-il (jji jjL-js jji___. (___bLjj Jt-JJJ 

I __> (J_w I J j____>u (jl (__i) ,CjI j-Lojjlj lOj 2 (j-u £jl jjj <___JI i(4jjsjj»j1II 
Sjj 50j 10 <ju U £jljJJ L_jljjJI (jjJ lj__. ,jo__JI _-■«-»• -»JI j j_«JI 

(jj> Single Atom -ujU*-"! SjjJI _ljJ u _J _. <__$<. I jJ ,j__> i _'l <___c 

jjjljlLI j-f--J ,4^>jj)___I _>l — J-uJeJJ — -jJUl j-iC L^jjSjjJI lj__>J."jl — II 
__a IjjjS" I J-LC Lj i____J jiw-»." (jL _$-_? J_9 >_£>--l 4jjj_ jl jjs u"l (__-i 

j__, ^UJjJIj (j_Li3.LJI j»Ujj»>l jljll .j__> <_-)_->■ jl3j .Sjljj-oJI <j_-Ij_»JI 

4jI IjJl>j ___ . 4~»j j i ii 1 1 JJ— -uj____J1 UjjsI jl». jjjs (j^« t __lc Ij^jJU (jl 
(jLfl t4j-ir i uiii Jl (JJ^ 4ju"jVI Jjjj i (■ j i rt 1 1 (jj> (_j,>.jL>. jJ-uaJL Igi^jjJUJ 
J-lc 4jiJjj*jij (jljJl "jjjjs ^ (jjJj 4 "ilU" («j tjjjaJI I juk (jja-LOJ I — fljlj j 
cj.^ill IjL* (j! Luajf I j n .-,,-6 1 Jl3j . 4jjjuj WavelengthS 4;i_w^« Jljlot 
(__JI -j; —II o j fl> jUaJsl (jj^Lĕ-a (_-lc 1 jK I jl «i"r I t «>"i < l LjjjJ ( *• n j i 1 1 
(j_aj . L^j-iS>jj (__j3 4 liwljJI j___>Li_JI (_j _-jj 4jjj_ (__ic iJjU_cl l-JL». 

<__JI ^jj. ,oU>JI l_U_ jLUal jU.1 "jL-jj jl , U_> jSju L_i_-jjJ_JI 
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_jjUt|^_|_ifci 

lJsL__V| (>- cr»^ 1 J-**- 1 «--«-) W— ■ uT "'"•'.'" OJ^ 1 -M 

(j__L_ j-a CjI .ijj-kJI -»Jl4 _jj «Lijj _l_j_ (jjjjl C__j>JI (__> I ju_ .(4jjjJ.I 
. L_jL___! jLu! (J.ijjI "ia 

, ,U~t l • 

_,! JUaj^SJI '-■'._.— " 3jLM__ll 4j_Laj_JIj 4jjb>iJI _h-1j_kJI __-l_! 

l oj£.LLuaJI 0__l___Jlj £j _Vl J£ Sjy J_- j 4__jl_a CjVL-*_a L<J J 

4j..UIIj«U>.j>Jj>jjJI CjI'jiU'11 ^joLjjjjjSjyi ^L__a_^___>.Vl ____ j 

.4n1*Vl,l 

(___! ojjjOJ Fluorescent Markers 4_jjJj_i _!«!■,->__; - 

_L*j! (jjijuLiLa C. jju I n^a i^n mi-kIL 4jjL_sj i_J1 Lj_JI j j»ljjVl JJ3-J 

- oUjUJI __J_J *j_*L_JI _lj— 1-M . M-Vij.la «■*■•_ j_u_-j f ljjVl ___1_ 
cI.ij.-kII jU__! _L_j! _JO___L .-.Ijj'-! _ j_>. j (jSLa*. Sjjl>J,I - oL___jJI 

4j_1jLu_i1 Cilj 5jl_l>.jJI 3Ij i.ijJI J_u (__$_ .1 jj .4-alV-< mLI 4-t_j___11 
.fl.H-y.11 _jU_j__JI jj^j ___ jSUI . n.ttll t«jViM.II 4jJL*JI 

_l j_«j 4jxL_ oljL-uu 4j-aj_^JI ■ *■' ;j;"-" __Jj J-a-Kj jojj (jl _ -j____ — 
_-fl L___»jjo j__JLij fi ...?<1L> ijjLJojjjJI L}L>JI __IJ 4_»-JJ '.*.J*r.l .Ajjljaj*? 

.(Bm.ttII 4ajlii.1l L}L>JI jljJtu j! <_LVlj L_J_I j_a 

ijjjjJijyi _j_.U___I <__ • 

l_iL_J_ , 1 Sj\^! (j_a j__» ,__j3 4_y.j__l Cil ij i-nII < njkjj tjL> _JJ 
(__fl "U—jj.. CjI ~_.<U~. L$J J — >_ L__u! (^ .4 *_ t -* 1l 4__^jj__JVI 

:4_J_J1 CjVL*1I 

yJa Sjj>=.jJ.I S jj;.^1I _-L___I,l J— i* Light Emitting Diodes <LED 

JlIc _____-! _j_j jflU~ _,_JI oLjjj_l_l Sj^»-! (jjs _,_ <_J1 <_-uL>JI 

4_u__jj jl _r— J— _ j-a-%. VI LgjjJ ____ J__J I i i jL<Jj>JI (J j i m ~i 
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^iiLUJi 3„l^i ^ ^jy...,^ LdJj^.jji.y.n ^Lu-.„vi sju. _ya 

^LjJI Sj^-t i^iLij 4jjjSLU cjL>.jJ.I JljLt ^Lsjt (jJcl 3jjj>.jJ.I Sjji.^ll 

. 4iji< 4_i<cl jj 4t-i-»-« 4_>.jji Jl iii~iiiil __,-4 ^jLaej-mJ.1 "_L>u jjj <-,__, <.Vi ^yjjlj 

^ ij±! j£j ajjjjJLI jjjj*jJI luL.}L«J <\jjI jJI S^Ub^l ^ ^,>y - 
.-■ i.j.-n cdJj 0 - -*~ jl .d^jj-^JI Jjl-tJL, 5jj»j1I cjU>Lc)/I oL^y 

jL-ul (_,lf sLu t4.3Jj.ie a (jljjLj <■(_■ .r-.~t l~j!jI j i nll i~jLal iLS> 4^ j a SJ I 

^ 2ujLia (jjSLi I « SjLc <_^Ij <L<lJj ^ys La.^y. ,,il,l cjI hj-hTI jl 1-.4I 

. 4jlji».J 4nl'.ira jljJlj *J-i-aJI L^jjJ i'n lij ^.l»- jUjVl 
.£jljjiJI (jji 4jjjjJLI Ll)ljLiVI ScLbJ ^uS IgiijUjj £jj3j - 
. jj <4j n^jJI j 1 Lj-3JI (j-^ljill Cj^I i i*ii a CjL"lj_lLsu (__j3 ^jy. — luj — 

.jjjJJI 4 « Mlt Lg. i . 8 

.^1 jjsVi LdJj l-jLLu 3*1 jij _ys ^jy.i.iU Blue Laser jj)Vi 

3jLL>JLllj 3jljjl>JI 4JLU1I JL>-j» ^ • 
j-a l_JLjJI J^lII * i <-u (___<. 4j^»ja^ll oLjjjj>JI lLLL* i klajj . a j ■ ■■ — 

L^Li-J LdJjj Photovoltaic Cells 4 jUlj-sjjjj-JI 3j ...o ,7.T< L_.>LkJI 
3 • - .. ' 1 1 B jujij .4jLU 60 j-»-L-. jjL*jj i . . i ,i u 4-jLUJI j-Jjj 4_"jL_JI 

(j_-j-*JJ j>,iy....U 4j, Ijl3'll o^Ai loJI 3jLa 3frLa£ 4j — lujj L_-jjj_) La I jl 

LlJ (jj-jjj <4jLU (___) 33 4j __j ,__J__ 4jjJa_JI 4j ( .L__. Jljjj V ,J jJI J .4 <___j 

.4j.uo miII -jsLkJI JL~_~ l-.ijji-.JI i-dJj 4uA__t (jJJLa 


4-Laj.a-JI ljLj__.L>JI ^jJS • 

3j_i_ j j'~' (__fl 4jj uijJJ I jjj£ » at 4^j___JI <_j| jjjj*JI J ~.a~> 

4JL9JI __2 4jjsj_i__!l ClLI ■ <l>J| p ■ -1 ' i_3jju LajjS Sjjjj 1 u a jjjC 4j-L.jJjjSu 

4 n*i< a LLbtjt (j^l ,jjj>«jj .Solid-State Quantum Computing 4 .1.^11 

luLLjjJL j»L"Jlj oLLjJI (JjjitJ (yS l-jI ij j-kJI lLUj j»ljjej luI (^JI (jrajJ 

i»L iif (jyJc 4 j aj aSi II CjI u l>JI 4 i (Jjjsjj U LiLljj <3j 3«U 4jjI uu>JI 

Ijui-t j^ju Jl9j . 4i>jj L<ta jj<c 4^jj"iSJI (j^l ji. _jj» 4j, ljl3~TI lujLusjJJ 
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»_Utl*»i»--i 

_,L ^ 15 ' 3 jigtM Nature 3«jiUll 31-_. _>- 2009 j-UJ jJ j-> j^-i jjx. __a 
_£__ j_j Yale University 3j_-_vcVI Jjj iuUJ __>_i <__*j _U_. jjjjja 
3____JI 3J1__U l^yS ■ ■■- _JU_> J_jI ,>• <_]/*! _-_-_J1 _--! <j_- • 
/ 15 ) ^UJI ___-. , „ a <___ -_^ Solid-State Quantum Processor 
,__ . . . " <_iI1 3j, \j1""1 I 3^j___JVI 3_>4>.Vl _>~ (j ^Sit l <____, 

L_ju__j t Lui Signals __ljl__VI _£iJ 3^jj__JV1 oL_*__JI l < _lj«.';i" 
, . lU'-, ... VI ^ .y, 3_j-ij___l| .-. I ._.-.t l _,L_. ,3 : . i ...-t i __LL*_JI 
3c j__, __e <u!L_- "jL_j __JJ ijjp (__JI .-jI jU -JI _i_ ju__j __a (_j>_-JI 
Jji __i .__■! ___ 5j___UI SJjLkJI JjLS-J 5 ~j"-"- .-uljUill __Jj ju__j 

.Aoj^l-UJI 3__t__Vl 

3j__ JlU .3jji_J1 ^ 1 ^ __jL _J1 £-ul j _i.l i_)QJ jljll »1 ilf _j_j__> 

Ij-jJj _)t Jj_ ___>. .5JLl>. (j^Ui-J -___J 3jj_ ___L — _. <JjL-_ ___- i3JjjJ_ 
JjjJo __j____j| jjjj ._j_,U-JI _1_ <___ 4i«j^l,l 4jL-IjJI 3j_JI Ij «(.rtnj 

4jj_J.I j__>L__l j^-oj _>_* __i 3jUc (__U .____UI (_a .___L _JI jr-ul 

4_Lij _JI jjJ- jjj-_ J>>? _v« . I u LgjLj jj L^IcLoj (jl a___J 4_Lu _JJ 

*lj>.V ^Ll Sj_J ^in^rj .jjJ-JI I J-t ,___- Jjm--.ll JUuj . U=-^! l-ijI^U 
.4^__Jlj 4jjIj__JI -jL-jjJUI Jla .4_d_. 4j*.jjJ_uJI _jUU-JI _>____-, 
-___ __lc Jj in-JI (jtiinj U i4jj_! ajLjj 4__>lji- (j_u__>_ Ja.1 (j-i _JJ_j 

.4rtl"iT-l,l Lg-_>1 jj. _n iii-." (_JI _;_j-i .4^a_- 3 lim t jl j_d) 3^1j.l jjl __1 jj.i-JI 
4jL>.I jjl _jLjj->JI j j i i <-i" tlj_>- (j-> (j i ii t"m (__-tl _>->lj_JI * ju* _| 1 ■ '.-> _)-»_) 

3j_Uj 3_jL_- ^-s 3JULI ^ 1 ^^ 3j<j'iKjU ,j_>lj_«JI 3j)I_JI _JjL __J 

(_JI 3^>.jUJI _jljL«».yi J-_>_ ___. L^jJl-j U3j>L_> SjIjjj .3 <j . i nl l 
(__JI JjljIjJI -jLaj. 1 ! jj-u _jjI J-ij . Jjii in*<1l 3jUr nLu? (_a L^J ,j_>j___ 

4 U ili l VI i flj"i^"l (__JJ ^ 1 ^^ (Jjl i_JI (jj__l (j_« __L_jjUjJI 4 ■"-«. __3 __jj_w| 
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4j)l_I1 ,<IM M.ilt 4j<j\KjU _>_>ljiJlj _JjJ _JI 5 uljju 4___ll.l 5 jll 

3 .NanocrystallineMetallic Alloys 3 mi->ll 4 u,\\ 3__>jjLi 

Lgjjjlaj ,___ 4 jSLuISLJLI L$__>l j_* __- Jjj — -JJ • L^ia SjU JL». CJ^I — jLt 

.CjLujjsJI 3 j j ■< "ujul_i!l jljll 
: L»jk j«"fl _)-u 4__jIjJI I jj^J (4 — 8) J£ _JI — ___jjj 

4_»jL_U jIjlLhj ij — jjj-Jl 4£_u _J Grain Size uLua. _l_ul 0 „ nl 7< - 

Yield UJ ^jjuj <___1I ol jL^-^U £____" V ,__ Ki, _JI UjjJ (__Ul 
3j...<-tt , ....Ir.ll "_>,}__ 2 U^ M „ ^ : U-,...; £- ; tl J£ _J| (jjij .Strength 

,4_Lj — _J| _j| m-w jL»jI (j ii jjl n - _>__)Lij «__fl i(jJjjt*,tl _rt — j J-JjJ (__!l 
_("^ ^j___wjl -jl-l^-wl ^Lal Lgi-jL__ jljjj 


■ >miII -___>). ^gj.^rtll 4-ajL5J.I (jl __tl '(jjji-l __._*-!. -_)_u lLijL-.. jjjj 

jjj JSLjjJIj j__jj_-JI 3<j ; ... L^jj-u "" Ultimate Tensile Strength 

jj«,r»"ll Iju- 4_ej_j L^jj}___ 4j_ _____ 1 ■ ---"■ (-Ul __fljJ1 (_-9 __J_ i4<jiMill 

_J_> Ls (J_Lol 4___J J-~_- __1I (Jj__J -(_— UJ— _JI 


(20). 


Grain size, d (mm) 



cf 1/2 (mm- 1/2 ) 


J^l4^Lai4_>jl_L. JU-CI : (4 - 8) J___JI 

-L_ii ___. .Yield Strength _4___OI 
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, ,U~t l 

VL-_« l j , 3 , . . . ■_ t I 3 .; ,t l Jbjjlj i4jj__l _ljll _i_L j_>_ 

Ij i<-iir J__J~ >*•■ j-» i4jsJi__U 4^jJjj__JI CjI — ~-j iU'll — 3 L_xjj_1 

_j__I U"JI _, _ 4jo jitj _J.t 3j__uU _jI -y*iit,l ^ j i i r-i" _ L uiLui 

:4_Jl_l 4j_L__JI 
■ f l fr »l; ■■■ .Al pjj;«jiVl _J_L_.) -jIjL _JI _j_^j___j JSL- 3_.l ii«i ■ 

.(Mg ^JJinirLll 

.(Ti (.jjjLmjJI __-L__) a : M.^Jt l __L_jJ.Ij __l j_L_JI "_-L__. ■ 
3; jl^il __L___) 4jj_*__I jJljJJj oVj*ll 4__L__ ■ 

»Co cJLj-Jlj Fe j__ij_-JI ■<!*! ■ ... J_la .Magnetic Materials 
.(Rare Earth Elements "j_LJI 4j__jV| j__L_Jlj 

i>»J__ lJLI ijjj^—II 4jJjj_jJLI 3 — 3jLfl Cjj_*__JLI 4__LL__ ■ 

Nb j_jjjjj_!1 __L _, Jla) 4__, _JI 4__L_ ■_, _.__>JI "_.!__> 

■Ga ^Uj^Jl J_l« o:>L__JLI _L___,V jIj*. I^jJI 4__L_JLI 
. (Sn jjj___JI 

. (4jjj_II -jl iji-s11 jj ^jiL—JI j_fl) 4jjjj_SJVI JjLsJI ■ 

_>l juJ.1 jJ__f kJaju tjjii SLoyimU JjLa jJI j 4jj1_VI 4_L__> ■ 

___J1 JjjJo _x. J__JI __- I-|_jU_- __-j — *J .4jjl_t _jlj_Vlj 
. i(j-jjjt"ij-|ll i^j-ujojjt iZll — ljjJI _J_ L_u J—a) ?J_— Jlj 
. (^jj___._J <<IM .... J_a) _r_».jjj_jjl (jjj-ej _jLj__jj 4j_,j! 4_L__ ■ 

- _»_>L__ jJI 4_Lj _■) _)L_jIIj -jIjL _JI oL_ijLI_j 5 ■ 

.(Pb-Ca r jj__l_J1 

_,L_jJI J< t ■ *-j>-~t , ,<!- ...I I 4_L_j 4__J_ __j___T 4__Ll__ ■ 

CjL>-jjJ Ljj_jju jjI jl j^j-*! (j^o 1 j-.jl ^--i i^jj|jj_J|j d jjL__JI 

__L _) <__>.jL>J1 *L__JI <__ Ljp VL_j J}t — i. 3j_j jJI 5jI j _JI 

.(Mo ^jjjlJjJI <W J___*_l 

■5. t. tij a.ti^n juai ^ a_jj_ji -ji-j,u-n ■ 
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_S>t<_4.»-U «1*1 

J_-lj Sjjm^U ^L__«Jt ,___ *LaJ j_wL__Uj -ljIj__JI ^Lijl - 

f J- '"J^ ~~ i* , J-'''"'."'''* *^-.' ' "J 1 1 1 '-*'''' j-.jl__il ' -Jjj-JI i -LjLj ■■■) p ■ ■■■«-tl 

. (21) Ti6A14V j.jjjuLa - 

(22) ^-.jjM", r.ll , , . _____| _r*_'lj - -^j ■ -j~; ~_i_-l->JI O-aLcjJI "rLul — 
j»ljjVl <__» L^l jiej uil J--J-J.I 4jjjLi)l ( i AJlll oLjojJ- Jj.I--" - 

. (23) r ,„-sll Jilj "^LUj^JI 

£j jj! Jj-> <_- 3 4_e ji_ _U 4jjjljJI 4j-__-JI _l J_jJiej - 

4 iil~V a jjl (Jjjj '■* L^j-oiijj — _»-jJJj i Ijj "i'\ 1 1 1 (j-a 3j JjJC 

. ( ~'^ ) oL__,Jj_l-JI (j-a 


"LjjjLUILJLSIjJ^I • 
_>_-.! ji- L$J -rjlj^JJ ' ~~ '-"-'W^L'*— ' -— j / 25) Jji) (j-a Lj j-J_f U£ 
"_ljjf J_-f — _j g—JJ I j ■ « j",0 jl (ji 3 jLa 1 1->IA- ^jjc 4_| ,_,!_ 3 Jj__ 

3 jj __ cjL2ujIajj ______> (jji IjjJ LL _Jjj .3jj«"l! 4j u<, > i^tl jljll 

(__JqJI I j_> j__j _,f (__«jjJ_JI (jjsj .4__j__J.I 4j — -ijjjjJI _VL--*J.1 ,__a 

3jLs iL_JjJ uJI (__3 ~ A "u\ jj «J (_>— I j— — >JI (___( 4 ii l"i t- a jl j a 3 -Lc _n_ _ I 

~GjL_uJ>l _>— I J— _>JI ,jjs J-Lc ^-i "■-•»_' _j j_>- j-jJ— j LgJ (j imI 3 i_> lj_Lo 

( alAjj 1 jJl__J I (__3 4 j ihljjja — jl _j.il-»-") JiLi- _>-a — Ujj .jlj II 

Nano-Reinforcements 4_jjjLj __Lcj - SjjJLaj 3 «j_b jlj__ 

j^a Lgjj jtVi (_,lr L$_5j_i~ _j| ^jjjkJI i^II" C—jjI JL_j .(_)_il ijj-M SjU. 

*_-5jJ i<jjiL__'_'I 3jL« 1 i i - n " ___ (<_sc_>JI Sj-jjS' OljjjjkJI (Jj--I — a 

. L^JJ>___)J L^jJajLia 
-c-uiLU i_jj__iJj_-j1I 4Uinljj 3jj_-La 3jjj_- (« I» 5 - 8) J__JI _t_jj_Ljj 

j.jjiajj'.'! "u^| j_ja ^ ~_j_J Scanning Electron Microscope^jjJ—)/! 

(___ 4j_"Ij_J.I -JjJ (____jJJ SiC jjJwJj --11 JJJJ_" jjS L-ll MIT I (__jj.l 

_Jj_j CjIjLjjjJI __>j__i _L?jii ~__Lt__> L^j-a iSjJjlLo ~U_;Ll_ (_>_jlj_f 
.^cjjljj_llj _ljj L— _J1 J— '!__ tf.lj_>-l (j-a (_>_— — j <_Lu _- (___ 
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Al jjjuii wJiai s*. SiC j 



jultl u^SLuj^oll AV\ ihI^j A-ij^-* i 3j$__> ( i) J< ,7,11 J_-_>>J :(5 - 8) J^ iT.tt 
jj__l ^ c j; ■■■ j_b$ ^j ...l..,vi 5_>l__l wJLS (j__« -__jt_j S_tSlj__« .jL-4 - m.1 ,___j__j___' VI 

_>__JI 4 nj t\ V. d ^lj--« ._La __-- Jj in^iTI __m_j__i __Ujj <-j_A__JI -i I j. I mi jj^j tj nitt 

___L___, J.Im ________!_ iu__.l -jlniiWilt L$i->jj La ..-^U-JI^ i-jlLai i-Jl- 

_*_JI -jjJ-JI J-. -JUJ -_)___» (-j) J_-__JI _j^.( 25 ^^l>__Jlj-.ljJ-_Ul i -.tjL---tl 
<Uj_-i-j-_i. A ij>. i j___« (->>-»• j__asVI _u__, ^J»-jt-»J I jlJ-»JI j_t-_- cL_J f,\Wi uil _T-JI 
J? ,7. T I ._->-;_»_> . ^ 26 -18) -^j-Ij J^Sr t -_Jt ij,^|-Ajj>.jL>JI jj____JI-_>L_»L.^__)lj>_JI-_LJ_i 

-^L-jMI 5>$JI jvt__l (»i-jJI _-Lc -jSIj-II - _ll _ 3jlVi -____L_ _L>L--i _;__• j-L- _j>$j 

,j___VI jl «j^-jJ_j _-_* 3_£lj_JJ jIj — U _.! i-Lo _>____JI _, — __j _-__- 

-____- 1 __-! ___ _j j__ I _<__ . 3_Li___lJ (__JL___ j-ĕljjl _____ l-u-j - p __i| 

_>!_ j__! _.! _tujU -j-_a _jl_> . (18) --jU-JI ^ ^ 3jj ,V,1I 3 , „1.11 
_£j-__-U _jl — __j)/l _Jjj! ___>> ij-Lc __aVT 5 ^ j__t __JI j_^j3 .jji-t 3_U 

__>j___ll t_JI_jS _-__)_ jjVl ■-■ 1 ;_.- 1 3_ii.jl_-JI jj ___JI 3__L_-I _,! j-jji _JI 

I j__ («u-jj 3jj_u ____. _U__ ,Mud __*__!! _j_a 3__i__J,l (_r_UI -j>_-jI) 3-LJJI 

5 — 8 _)____Jl) __lL__L___JI (j_S -_uL*_-jJ - 1 '■ ; 1 1 (jisljj-! (__. j-.l V, i i,I,| -_ljJ_JI 

.__*__!' SjLs _>___! 3_j_».j_i (j__5 joJ (j_sl_j_- i nj i ^i") ,____) IjJ .(«-j» 
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<_L>-U «_*i 



j___ JL JkJI ^_>_ j-~ U__,j ( 
__Jj„ U^j^ ,__ _JjL_i-, ¥ 
( «i^ l j i BT j ___lj'"a"l ljj_ »JI £L_ 


(__~~1 jil<Jl -— | 

x_3">L, 1287 -__ 

_t I ,_,_ ">jj___I I ~_— _ jj : ( 6 - 8 ) JS__J I 

.rt-^-itia j«uiiv-i-jjj-ji^jL_^y-av--s 

^tj--3jj---tl e --ajjj/ 28 ^>- J | -.Stl l___ 


j_i-l _;__- Li l__»_- Ki ..i«i (i-j) J___JI _,_ "L 
_J_ „"M_i J___JI ^ jUjj__JI j_v-jj / 29) ^ 


i__ .^.uai j-__. ^_._ji _j_ui __« ^yi _jjji ,__) _itij i< ______-_ji __j__ji 

_I > cj_j_JI Sjj__JI __»j__- l_*_^> 

jjjg itiTi SjjuSri 

■ JjLi- jjj j_- i jjJJJJjV I __-_JI _JI (_^jLj__jj ^5ljl__jl J_j ,__ ljj__JI _____ 
j- __-j . L— ij-a ljj-j». <_-"! M*JI _I.l_.Ij t-Jj-JI ___JI 5j__ JM_- ____ 

____ji _____ __ __ji j_ j_u_j _^j_ii^__ji___i^ bjjji__i_; ___ ; ji_ji 

j_-lj! _JI L-jj jlL-I ^ jJI ___«I_JI J^JIj j___JI ^_____ ^Uu ___IS _J i_-i*JI 
<LjL__JI _;jl- jl_sj_>jj j_Jjj__JI __S jl_ tLaj-wtj ._;.j"jL_I j__c ___«L>JI j_-SJI 

__ij_uj a- i^; n i i i _jIjj'vi _____-i jjj ij__uj ij ,_L_m ^_ "_>jl_u _j__> ,___• 

-__— _ll — Till -_j_tj "Lu_ji 


!_;_>LJ.I j — ___ __j_JI _)j_-!l (___ 't_jj__l L_1__».i -JjjI j_-j lj__ 

(___ aruui < (27) ... L-jj _^__jij 4jjIj__ji -jL-.jlui _,' 

8 — 6 _|___JI) _>__l l_ j__j __9j__> (_i ______tl _rt_e l_j ■-'ljl-i'~ jlj__j 

4___Ij3l _»_- _, — i n-y i L. i_r_L_j__ 4j___j3 "o"M_— — _— L__J1 1 • • I o 

_H- i____jJLI I juk 2_j_j>JI _jL_ljjJI __JljI JL3j .4-uLjjjiillj 4jSLjj__J,l 

_jL^L_II--1_ jV_i]_ Jl 5j__^l__L ( ___c_jj_Jl tf j_^l i _5_JI .-jL^JLUI 


175 


il__j_j_J1 4 liTiy a i .1..-JI (j-a i'lrt mll 4_lx_j l__LojJ_9 (jj-O cr'! l_SA>— ^ 
.4_t_w_j_u 4j_>Ij_l_ i_JJ_ ,___. 4 j .->,« a l Q^*. } <_5.>^ ^ - 1 ^**. 1 4___Ijjjj 

l__J_I_4 _r->- (j-i In.-- 4j_3jj» jtl — l_iL_j J_9j . I ij~i a Lj l__9 I jt i.->j 

, -, ^ U--.' LaJLic. ."tAjj-jJI 3jlj_e SljjJI "UjjjJI ~L_l2 __«_JI i— 3jj i_JI 

(jt _U_t_JI ^jIi~iimTj .4_ljjjJ1 l_9jj — _JI JLuaj ____. -Jjj_$JI («jJ-JJ — -u 
LfljJ-s ljj__ulj Ij__j_j_ (jjjJI (J^-J^" -r 1 .?* — — 5-*jJJo <_-_. IjjK l_>j_JI 

____- L^.'V' ■■■i Jlj-> V <___!! jjUJI ,M h ....l.nll a^JLJ. 3j__jj_. 
6-8 JSLUI) otjir.ii cz^cjj-ij cuiio ...1,1 ,-„.i~-u jjj .Ijla Ll.jj 

■ ^j.-ll . ~___|_ijl __J__JI 4_v_lj l-j i_Jlj _*_> -Iju- L__jj _."^J .(«l_j» 

5 _.".-» jtl j_"1jJLI i ^l-^-^i jjjs _/___-LJI jja IjjjST LaL___>l __--j (___L__-ajJI 

4jjIj_>JI i-.I_.Iq. II j_uLjj 3_jlAt1 _<___, _JI i < tj I . ..j 4 u-IjJli AjjjJLI 

. L$j__lj__ (___ 4j_^__jJ.Ij 


■ __L_;i jjJ.1 _.!___, _4_L___ <4jj.LJI __I__CI jULI . •<,,;,«• jSU; 
■-■ U -■■ 4J3U.I _1 jJLI ^Ljj-^I 3_La - c_JL~JI 3_L> -j_ __Jj Lcj^j _U_j 

_Jj-~t jl jjs jl l>jU 4jj-L L-.I imti Lj.<LT _ (_"l)jJo _j_ 1 14JJ 3jLJ Jl>- _h_Ij_-j 
^yJJ j ~i" ii~ j| .4iiji..-> jl 4JjJ jlj/» (jjs _)j_— < La SjLc (_-_J1 — I (jir 1 nl~iV"i 
.-____>! ,___1j_-JI _TJ-_l 


(jjjj_UI _jL£l j^ut • 

1 fl~i <i K~ _>_-l __— jL . L_j_t_. (j__ _jl — j_>lj~J.I (j-« 4__JI L_l Lj jjJUJ 

Jl_a i4jjjjj_-JI _l jJ.L 4 jif 3 J J-tJ-~ jjl ir-i a (jj- l^jlt- Jj in-«.1l 4jj fl 1 11J 
l_L>.jJj___j 4_-jj-1_lj i_JI j_JI (j_-~ _-JjJI I JL* l-iIj-iIjjj- j__i__JJ .^a__-__JI 

j_l-j_»J.j (J-olS" J!>1 i- (jjs i_J_J_j .Powder Technology Jj---1 — _JLl 

oUjj jl___ 4___1__JI _>_jI_JLI t-l-.yiinL .4-_tl_JI o#j&\ 3x^\ 

. 4jJ__ 3jIj_- 
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_>_._j-JI lj_-_--Il 4_L_J.I 4jj_J.I .Ijllp U.a(ji_^^jJl__-_.j 
__Jj ^La .4a_JI 4jjj_ Carbon Fibers 4jj_jj^ L_LJi S-L- <— ■ H jill 

4j_ij_J.I -^j i i n"i _jj Ls ,_jJx. *l_u l_L!_j .gjjjjj * rtl"V" J 5 4_l _!jJ.I 

. Igjlr J j T I | U 1.1 _>_>lj_»Jlj 

Brake JjsIj-» __L_,jj Clutches (^Ljjjjj) oljL ...M l_iL__jL_ jl_"j 

I ju» __I_jj Lgjii ___)! 4u-$i,l "ij~-j.U-,TI 4jiaVl __a I ,,-ilj muii Pads 

._-L^!j_ll<_^y_jiJI 

_L_jjLi ri j*Cj alj j i n II _ljj.l _>_a •P-__cmJ I Iju. ,__Ilj_i j_i__, (j-a («_S,jJI _r^- 
4jLu £ja uaJI Jl _>£. 4i i_>Lll __I_L$_».}L! 4Iaj l_-aj ,4j_^L_> 

._jjlj_»Jlj(____jj_ 3 _JI Jjj__.j_JI <___a j_i__ 4jLa .( _, Mj< I j<1 Ij^jIj-_.»JI 
ji j__>L__ (j-a 1L_JI _JJj __ll <al iM,l 4__jjjLJI jljll fcj ~* « ,lj_ 

l-jjIUU (_j_jlj_cJJ Ljj 4^L>.j i__LJ? ji d j*Cj aljj i ,i jlj-o i4jj__ ^IM jin 
_h0 4__JI ->Ju_ y> t-V" i ,i"j . I (jj^ i ?iUj__- 4_-lII -_l iij jUillj I <}jlf Jj-__xJI 
Sjl j-*JI CjLwjj JLic Jjwu _^ijl Jjj — __JI -jl-riia _ji 1.-1" __3 __L£lj_J.I 
4__>j__,l <Jj->-Vl ___1_ jf , j_jjlj___l __il_jj__ (j-a «lj_>-i Jls .4JLJI 

*!>*.! ____, J__a ,Jj. ,Vi1l t L_i ___, J__l j i jl__JI j (ij_JI J_al j_ 

.__l_j_-ilj_jLL;_UI 

i__wi_«.jji _jL_i j_ii • 

j-j__ (__£• 4j<jaljj nill _l jJ.1 j_a GlaSSeS 4^L»jJI jl jll 4jI ___ 

_Jjl j__ --Luj 4 — __jj_a «_>___ i_lj ______ jlj — a __$_ ,_>_.lj_-JI (j__a 

jl j_a 4__L__I (JjjJ- _j-_. c-Jlj— Ul (j_a 4__JI _>jul> CjL^Ij-jj _-)L-uj . Jl c 

._lLJ_l ji 4jji_JI >j iul_.Vl Cy> jLjV| 4jjjU _-l m.~. Jlo ,4jL__ 
__3 J-ui — __J1 JL-C 4__L_J! I<ji-ijl -AJ _J— I I ju* — L^lj-^a j j n"*i j I j 

.Strength at High Service Temperatures «LJLJI 5jlj >J1 — L>-j- 

*lj_».i _jL)j__a 4 _Ls ___ ^l__W_i _u>U _--«-J! Jualj-. L^J j _jj L 
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.Heat Resistance Parts for Engines 3jl j stU 4 ajLUI __Kj_»J.I 

Jlj__on____Lkj,j f jlj_JL-i__, l^J oKj^J.1 -Ij-H^ I .\.lj 
j-jUJI g-.Lq.70 oL_l_-j Exhaust Chambers ,-jL-JI .__• j_i Jia .<__L>.I jJI 
.Exhaust-Collector Rings 

-ojAidl _jL_Ij_1.I • 

____jjjj . Lal jjej uilj LcjJ u i_Jlj_JI ^JjjI J__>l oljidJI L_Jlji) Jju 

3.I lViinl (jjj _>_>j_-ll _-_- l_JL_JI 3jLa ^iiml ___ iVi i.iU jiill jL__-l 

l__JI_ jj_ L-ajLjjJI _)_> Ijl .}__*_■ . Igla 3j_».jil _>_>lj_-Jlj 4jjjLJI ij^ljjil 
OxidizingEnvironments3j___>j*-lj^i jf4_^_^j-l.»v;<ii,AJ.jL-'l j__> 
Ij^J ,____. _M Oj^o^-^l^-^JIi-uLa <«L-L_!I 5jIj_JI loU-jj ____ 
^jLSil jiill I j^J ^ r J>L.*£\\ 3 ^gjl j-aJI loLjJI (^JI Ij__L__J_j ,_^_j__JI 

^jj . .. ',r- 1 1 lj ^jjjjijjVl Jjjj <4_u_u»JI 4jji_JI jj-jLuJI <_Jlj_lj .jL^___i}_! 
J__> .1 «(ja ^LaLc IjJjS _)j>" _>j£_ C>— ' L-iLcl iir-ill ___ t_jj>j_j L_La J — 70 

.d_uL___JI __L_jilj __l jjLLJIj .-.IjIj.-H _______ 

<j _o L&JI __>____ -ujla jlji uJljS _y» 4jji_JI L_)L_j_Jlj_il iJJbjj 

. 4jX_i«Ijj__ _l j-a jl 3j_- __lji_ j___L_J 4 nf .1 n jljjj (jjj 4ln.ini 4j-a-*->. 

_jIj___JI ljLSI j__o • 

Polyesters j_____JjJI 2_L« _►_ __L£I j_il (j_j _j_JI lj__ <_Jlj_> 

4_aj U^jjI j_*___I ^jo__ __!) I ji__ __Jjj . Vinyl Esters __■_*■ ■■■) Jj1i_JI jl 

i__jjL! jl 4jjjL_l 4jjjjj_JI __LJ_ , L <_Jlj__l aJJb ^-CJJ La 3jLcj . Ufl'inK"i 
jL_i.l c__x__j . jkjl jl _,«.;t-H JL__i__JI L-i-uLl __Jj_j .4jjjL_l _,jjj_JI 

d_aj_la (jjj 4j jjnn La _, II J_>-jJ -__cljJI -jjjLJI jljil (jjj jJjj-M <»j * 

__3 LJ <_■ jjjj _>J __J__Lj ._)ljj-M 4_u_i- L^jl ____ 3j>Lc .3j>L__>j 4-JLc 

4jjjLJI i__jjL_Mj l__l jVl j J a~i" j -ijjjJI 4_p.L (jjO L-Jlj_JI «j _ _)J-lj_- 

LjiajLLa ^L-ijlj '(^-JL-JI (__jLaj_JI L^jLlLij .4jj_5jJL j_l_JI (»J_u _)jjj__J 
.4^jjJI -jlj__ 4j>.jj Juc .CjLojdlj LliLjilllj (j_>L----M JS" ^Lal 
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<____ -j-Su j-_fcJI -—jjoljll l_JIj_UI _j o £j_JI I ju_ oL^Ij-U l_____»jjj 

.l__!j_JI l-ijI ir-»a «I j i«^f Ij ( j . iiu.1 1 i—ijl i<-»a Ji_a .4 j li-iLjJI CjIjjVI j i i 

_Ua J_tj l_>L^I>-U _ j__ jtUS.cdUu.Vl JLllo pUu^ t n , nT, lOJ j_.j 
.-jljjLtaJlj oIjLlluJI J->L_- eljj_-l _j-- __>iuLl (____ ^JLielLmJ <jri_>. «JlcIj 


-jjuLLT! _-_A_-' , _-| • 
_^I_^_>» (30) 4-^LJIOjj > SJIl_j nUt^l-o'. L-^^jJI^^-Lc 

JijJl-JI (ji_( ..I i~'»llll jL L_|VI_5_J.I J£(___- "jLjlj L-lL-JjJoJJ lĕjLJji) L_lL_J_OJ 

L$J__ it lj_jjj__3j .__lliUVi l_U_ JIjLi Grown ".jan _____ a - > ~- . .. 1 1 

J__J_JI) (j^»»j Jj_- Igirm i ii~il«j 4-Lil Mi* « L_sj_v_- 4j __j ______JI i4_ii-r'l,l 

_>_>. ~U____ 4 ji~~) «Ut u_a _L*~ ilulijlui* ___• I gl«-_-l .(«1» 8-7 

ijL___Vl 4jj_L l_ll.L| (___!! 4^L___JI .-■ > -.j.U-.t l --__»j;j .4__o__JI „ju_ 

__iULli__JL> -__L__J.I __i < _ , l aJLl (____ I jAjUy. J_».| ^ ,5 nj -.-, , „_j -Jjji- 

^l 4___CJ.I JJ£»JI _j - (<-C.jJI (jJ-- 4-L3 .L____)t .4 a l~)~ill 4_ f jjj___JVI 

i _ ij ilj -M JljJol 4 j g i~i J-j-l (j-5 .j«__JL_JI Jj-_ (j-_i__LJI _j_» j_u_> Ljj j_j_2u 

(jps ,4 ,„--,.,. 3Jjj__ 0 4_U_ ____£ _jj_C_J Straighten L__j_-j -jj-LJI 

___JI 4jj__ _. l__9 ^L_-_j _L_ . 1j-u£ L_2j Ljl__j J__jj __Jlj La 4li"-itll - ju_ 

. 4___l i^a JJ4»-J (J_J-- L__3j 

4_»K ______ _^J__5_J 4__J (_$t ,_>__$—--- _jl_J *Ui_JI L_9j____J J__- ._j_-J 

4_USJI_jL4J jj».j V .fV>-SJI &L-JI (J-j USj .^IjJI ^^j.^-i ,„_. 

j-jL5_~ _yj JL- .J __JI _jjJ 3jjl_J.1 4__UI l-U-J ~__L>J1 -__1 (j_ujslj_i ___ 

-_l_*_JI (_*$JI jL____ J_^t _>- .(Hard) «l______» Jl- ^ji-t l_iL___>j dL. 

.j_j4_dl l_u_ jLL_l ^j ._Ui_Jlj (jr\__-LJI j Lc 4jj___j'_ , I _jL_L__1I £_ijj 

J_sVl (j-L- - (jjjjiCJI L_LL)L)I i fijUj_ ^lj j_>I _j£. 4___L_j _u'_ , l -jjSLii i-iI-%,j 

L_l>L___Vl J>L--b .4j_jj__-JVI j_I jjJI 4_il____ _> - 4J_-IjJI 4___jJ.I _> 
4jjj_i__ J_v it 4n« ___ic L^-Ui_-j (jST.qj Nanowires -jjjLJI 

J__i_JI) ilIjIj-lojjLJI _jja i__L_- SjLC (__JI J____J UJIjJot 4 j «i i~j 1 4 o j ii~i _v_o 

.l_ujUVI -dii (>. V_u .(«-j» 7-8 
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5000 nm 


****** 


(-) 


(0 


^j^^IiJ^I ^luUI LJj)*> i rlj^SLiJ, 1 iihiril^J 3j$i.L« jj^a : (7 - 8) J< ititl 

AjjL>.i ijjjlj *r^-?^ (') : i>" ^djj^ ^S*- V<^' 1-LA .-iljLri J«sJt»J Cjj^oj> 

.(32) ^jj^i ^LsJjl j^-alc jji An\±,* .iujj 4_>$jlj JJM-ii (lj)j .jljjL»JI 


81 j-^a! .. • 

SjLlC LjLjJ Jj ^ ' a .4jjjLiJI i * 1M , ,.\l I ■ . .. . * L_4jj_ftj ,»lj-oj ■ '■ i * .4jlju 

■USLa VIS it Jl*2 . jLuVI 4jjjL jUaal olj . I ^j l*J>4_^? ^ 

jj_ j_j . I jJ . 2_ jjlil -LoUy; „.?l j UJJ Jj_jJI i_.jIUI j_LJ 

3 JJ>JI _ljJ_l J-_l_. jj» 5.;,^,« 4jJ_ K>< lj .4jjjl_l Vl «j_ 

^SLojj . |j<*,|, inj ,Pt j*j>LJI jt . Au l^jJI .Cu ^L_JI .Ni J< i.H 

jt Si jj£jJj i_l Jlla .Cj^ k-ijII «L iivi jljja j__L_ j-o I ^iijliej .1 ij-ijj 

_Jj £_l jL_.l _lj (Jl — 1 irijj . 4 t.l L^LSj-a ^yi j! .Ga ,-jjJL>JI 
■Jj__1 ^lj Jlc . lj ,,.1&U ■4^ju_jj H j_l _lj_>J.I jlj- j-« l_}L___I 

. U J fcjj£.j .ZnO _jjJI ijm<i Jjij .SiO^ jj^jljiiill 

jljj_- 4jjjl_JI -J}1 -,Vl jj» Jj_-.j ^jj--J)H L->l c\),r>\\ JL>_<j— 1 

tujjj"^!^! j jl jjJI j LJiljjj Lu^jl^lll j-a JuJLsJI J_L>JI j^iinl 3_) Jjjj 

jja jjj _jjjl_pjl JS-lA lJJjj .(jIsjjlJI Ij _ . jJll_JI 4 — j^Lllll 
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^(iĕiyj^ 3iJ^° O^- W <^iJ-— Jl —J^L—jM _1_ _ua 4 n-r i'n 4£j|< T < -^-jjju 
4_a_ __1_ - tLjjljaj^tl _}j_-JI lS-^Lj ~ l().iJ"i>JJ jl '«(« I» 8-8) J_j_JL 

.(«u« 8 - 8 J___l) c_l_J_ 




! m (o ! 


£_L»_! ^jjj—SJJh — -_UI i_j^5Luj^5LJ,l Uul^j «i$j«.L» » : (8 - 8) J^itiTI 
,-J_ —.M-jjAI aL__lY jlj_ j_- . 'l-= ». « j___!l 4 jm l T i» _ilj$__ U j_l J u u— • o-Jj' 

i^jjv>jj i <; a j __ (_» GaN j»3_J_Ji _j,_u ~-U ij__ij ij>iij _tM__i (I) :4_±_ 

InP j»jj_iVl jj__,^3 u— j_» __« i_JJ_» _i_L_» (lj) / 33 ' __"<b J 5 —" u- 


•.(_Lj L. jSjJ .aj^LUI _]}__>_ 3. ,l ; ""....t tj ___| oUlj__L_VI ,>-j 

5j J___ll CjI >JL_J j. jii<-l" 3 4 *_t V"i u-ll _j I j y ■ -j ■ 1 ji! I ■ 

.4_Lj__JI 4^jj__JVI "j^-Mj <___,lj_Jl __a Microprocessors 

4__>_>JI 4jj__jjLJ!j 3 jj— ajj^jll 4j^j'i_LJIj 4_uLjj^_JI p UMI ■ 

J_-L_JI ___ l d A : Uy. jjjll .Nanorobots -ujjLJI -jjjjjJI "j—^Li 

__v L^J_-jJ (Jiu- (j— . __J_j i4_jL_j _JI j»ljjVl >«-- ___j__>jll 

. ijj-jJI 4jjj_ j_k_ i_jl__ll _)L__yi 

<___l j_«JI ^jii^i"t __a L_$_ ljj_ -ujjLJI __>L__ S _'I _:_jj _l . ■ ""«1,1 _>- ■ 
.Quantum Computers -u.-j.^ll 

.4jklj-jjj_JI 4^u____JI L>_>JI 4_._j_> ■ 

.Nanosensors -ujjLJI ol ,,, r Uj _jL_.L__-JI ■ 
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i IV,, „-, , „ ^pjl -.Mj ,~,U . 4-__L>JI 4^jjj_JVI Jj. -j"H jjljj 4cL_u_ ■ 

_.U_j>U Deoxyribonucleic Acid DNA _$jj_JI _K.a-Jl JJ_-_ <__- 

.<U 3jjIjjJI -_lii«-ill JUJljhjj 


l^jUll^lnilj 4JJ.LJI *5U__ I _lj_> • 

Ijj-rUmt ___£ l i_uj (jt iCjUj-^UIj _jl JU-tl Jjj __i _>C |<i -r M La 3_Lc 

__JI (^jjj La .tjLuaJI jt (Jj-Jl _>C 3_w>.U -_>_?1_ <>ljjt (jjL-3 _)tj £Jj__ _- 
4__>L>JI c1jLU.II (jL_. . IjJ ■ Jj«..".ll _>~ 3 j__ JL__> 3_j_UI jt 3j_i.l jLj^jl 

4j£.U__JI __L_jJ__JI _____ <u,>Vi i.ill c_l j_ VI j c_l j__U --U mf 3jU."n 

L-U_j_I jjUJI I j-vjjj__- L^lJjl ___ll 4jI__JI JjI __U (j_s J_u .3 nl'-VU 

__JI jl jil -_____? ,.>__> (Ja 4j.iV, ,„H 3jjjUJI 3j ArVl -__jl^3 j . Ij-uS 

4j ___Li I jAjt»" J>1_~ (j-a _dJ_J i-L_a l_ _^ I > ' 11") _>_>lj_- (jrt i__>_j j-jjj—i 

__|jj__| Jij___ii jl __l Jljj_>£ (j-a (jj_J La 3_Lc - 3jjjU Cil mj-_ _)-a 3-_Jjjj 
3_UI -Jc. -u _>_>j__i _)j_ (j-^j-sj .4jJLc 3-.jU_aj 4___L_ 3_J___u ^ " aTi — 

.JSUll jtjL^j^U ,_____. _i 
<_o-*.t _>_»i jj_t ___. aj^jUJi __uujJIj 3_.ua Vi __jj_. - >~-. ,„-j 

_>_j>m ■-■V I .-Aj __U>l__J 4j1__1jJI J-O—^J. ~U ...T 4jU.". Jla 

— -jlj_u .4-_— u_JI j L_ _j-a 3jjjU _-)Lu__- (j_a 4_— 1j\a - . I- . (j^_3_____Jlj 

CjUUkjJI _ juk _JJ»-J J-j-aJ ''n^ i_jlj_LajjU 5j 2 _ji_) L_>jL___t _l *jt 

3j\4-»._'l ___J J_-lj _$j JJ--JI (C-TIj-JI (j-~ .C_l iji-hU 3_jjjU 3_u___JI 

.4jjj^_JI _Ij__Ij 


ejU-JI (__- -L«jl>_-___-I _jj__JI • 
____ _?jjU11 *>l LJI 3__J_ j j'^" (___ 3jjJl_____uJLI _jj__JI ■ 1'^-" 

i__j uijlll C_U__J l___>jj La SjLcj .-|_a _JI SjLaj «;>L_JI 3_l — a _,_> J^ 

_>_)jj i"ij-_ .3jjjUJ1 CjUjjj>JI (Jj__L__4j — jj— u—JI (Jh^j _jU1_j jl .4j_I j aj^ 11 

_j____L__1Li ^". o" 3jjjUJI __Ujj_>JI _j-a _jL_j__ ____ Jj__v>JI 3j-»-J' <> J- - 
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4>t *y*au w*\ 

i__jJl 3j__J L_i__a ' _rtj .- M U1I 4 n iU i ( l 1 ■ ■■ --jljjjj • Lg__i__> <> LijjLij 
3 jmtl (J^o l_jJ«J Jji ___!l l_SjjJ_ij i_jl_L$>.VI L__j i__.1j_L<sjjL_JI (jjs 

.jji.y.ii jl__ aj^i ji sjJli -j___. l$j ^jjOj 

«u<jj__M i_»y-i*4l • 
jljil _dJj j__ Catalysts __1j__>JL jj.^U jL. 1( *jj__!I _;jL_J1 (J-j L_. 
__J_j iL^j^jjwo jjjjj 4jjLx4jSLII >_jjLcL__JI j j ii -«."i j jjjjLj i a, \$ i ____>j3 ___JI 

. 4-ulj<ij<11 L^jjJj __S __ljuj_j _g! __.JL-cj jl olj-->JLI __Jj > n*t" ■ n*> _jf _ij-_>ja 
^Jjj! _jjJ_-J __9 L -uJJJJ I nfl- Ijjj jjLiJI L>.jJjj__i _JJjJ _|l ____j__JI _v«J 

.Nanocatalysts 4jj_L_JI __lj__>J1 p _jL __»j__i ,__1j_u»JI __Jj Sjujl». 

Lu ,4j-I,oj<1I oLU_JI jJ£ ja ^[±^1 JL___JI ____ f .iVi ,„1 ^3.1 
.Oil Refining lUriill c_jj jjj-Cj __-LUju 4___L>JI __5_cL__]I __Jj L$j_i 

4jjjLJI L-llj ii-»U _>_>lj_- • 
__lj__>JI (__L_. l^J _jjJ3Jj i4j__ij_j _j__>lj_>- 3jL_j 4jjjL_JI l-i I j ii ■> I, I jc__i_j 

:__L La ^ - fl 1 1 _>_>lj_-JI lLUj _tlj _>_aj ,4j ljl"i"1l 

L_iLlij_>Jlj CjljjJI ,j_v-jLj lLiSL La i4jJLc -Ja — _ul 4__1 ___j ■ 

__3 <U_-ljJ1 jljll __L_jj_>-j ililjj £js Lgjl jjj-w -sJa _J ____ 3jjjvjl1 

.__lj__>JI __Jj __<!', <"> ___!! 4_l__>L>JI .,___ jl__j . Reactants J__L__JI 
. 4jjL_>j£ __}Lc L_3 _jf __Vju_- l(jjlr _u___ ___!! (<__> Vl -_i__>L>JI 

4j1_-IjJ1 L_a£aLs_lII jLljI _>_ijjI___ __9 (fi< -r", 1 1 jjLJI L>.jJjj__i -i jjj ■ 

L_3j i_JJ_j l 4__.L__JI jljil L*j__- j__j __l!l __lj__>JI JSL-s -^Ljj_»J 
.__LLj_»JI _JJj jL___l jL_jI _v_jj__i 
. Adsorption jlj-L-jL! -_J__ Sjjls 4j_ljoj<JI __lj__>JI iMI",«i" ■ 

L^i-Jj i a_j_L- __Vl__^q (__£ 4jjjUI -_lj___->JI __L_jj__j j V 

: I (j ij i (jjs _-_J1 i4 iil",Vjl (_jl ajJajJI ^y» SJjjJa 4_uL_ i ' 1 1', <ii 
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.4^L^jpJI oLcLu^JI ■ 
.l^LS^jaAl-yil 4^Lj.*.jSJI jljil ^Lul ■ 
.^lj^JI 5_iijj ■ 

Li^j i-^j^JloL^Jllj a_j>UI 4_^>JL« ■ 

5j-»-jljjtj^^jl I j 4jj1j<ij^!I 
. Lpaijuj i_jj-uJI o\-la 4j>Jljua ■ 


• U^>-J>>Jdll jLiJ ijjJtil jljil j-LuJ ■ 

.4jjIjjJI oLlLu^JI ■ 



3« i^'....tl Pd^jjj^LJI i jru^LJI Jj^aijiillCjl^J^loL^u^iJuJitjjB 
4j>JLJI ^jIjjJI liilj^j .Cjljljmtl j»->ljc CjljLjjl ^J^ Sjlnjmtl 

.42LLJI oVjjtA 

.4jtLa^ (jj in-»-'t cjIjLj uJI cjl^jjt^ jjjbj (_J1 oLaLiLS j» i -V' , ,n ■ 

. jjjjjJJ «I^^L^uj/I O^Jjua JolaJJ 
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jjLJt L>. jJ jJtO 


9 


£l__ Ji_j Js ^j^AS ^y> <\_j <<J 

,j_ij 3jttk-.1I S_jl_jJlj «.IjjJlj i ,Utl 

r jl_l J_ _,j____ <___! ,j_1L0I 

,_.L__JI g_ jjv>. .-, ->jjj 4j___L_ i _l 

lj__uj| 5jL« ulj 4___> J^-l (JJS 2_jJL>JI 

i_«j_> 2j jJl> Jjl .J 3 "- 1 ' 4 '-o' 

.".JyJLC (jj^ Jlj— Lfc> («_>_ 

J_,jji ^Jji L^jJj__JI «_ — - C_>_> J_)j 

Lia.jJj)i^"ll SjJ— J gj» (j_>ljjjj jJuUI £-9 

i-iiTiLtj _^JI Biotechnology 4__jjjj_JI 

I ) L_a I >J— jJ J-> — Jl 1 xa. jJj £A 

_il_j£_a 3 lj_ (_tj (— «/J LaJ__a I j"i-r l 

L_Jjj ,2_u_J 4_Jj_ (__JI (j_l_JI L}_- 
."J_*IjJI 4j__J e-^JjJjJl -j" -U Cr- 


_>ia«_j ^ ^ i^as 

i.__l jjlL L>_J! 

__>XI 
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*_lll*»l»— i 

fi • nLi __jjj_I .(jpj>.jjj__tl _r__i j_L3JI __L_JI I j_ t_>L__ _il J_Sj 

4jJI <_ij_*j _t .«Bionanotechnology <L_jjjj>JI j_jl_l 1 .rjb^"'" 

*Lp-V1j -L_jj_JI _iVL»_a __3 (j_y___JJ (jrt__-LJI j»U__l _va Ijjj_ 
_;__ ___ _Jjj l( « — IUJI ___ 4j'nr_iH (j-jl-1 Ll l f.\ — JrtJ^Hj 

_ljil 4__^t(___M_J___4jU_>^J.(jj__l Ijufc,jj9 JjVl JL—JI _llj___ 

Jllaj - 4jjjj*JI j_jl_l L^jJj__ _ln_.il-»') ___3 2_aJ__ _J.I 4jjjL_l 

ji_Vl j_ .Bio-nanomaterials 4_jjjLJI 4__ijj_«J1 -IjJ.1 ^ _,l L$j_ 

4j £___ La ___!} I jj__ <_JJ_j iJLj-JjJI _Ls_jVI Jl_*_a (___■ lj_jjlj Ij *j 

4jL-_JI oLalj__ _iVI (jja JuJ_l ___ Jji-jJJ L^_— I 3jlJ_>_ _—'>>■ (j-a 

Jylj- <"j-}_«.Vl 0 _ 1 _->J1 <_1j__JI _JJ_a __— .J _-)M 4-<- ir-ii 4"U~l,t 

__JI ^ jJI j_-Vl .4j___ 3jj_j jIj_JLI _!__> _>-JI f L__VI 

<— I n ii. (jJ— — |«J — J3- t L_j_u_>o (3j— _-_) 3j--lj_ <_il >■_>- Jj J * ~-~ 

Lc-a ijiajjlj 2 L_jL__t __j| _)_^jL_a _JJ __ t j '■ " j_t_-JI 3jjj__ 

«__ — _JI 4JL_JI 4jjj_^JI jIjJ,! 4-_ _,_ U_ujjj 1^'nlr _ 2_L_j _J 

.Bioactive Materials 

10 J_j V __>. _)__-_> (_jt LjM_- _l_ut (j_jjL_s _)l 3 ^Jj— I «Sj 

jj—Li l___l_j| J» I i J-iTi ______ slj-aj-l _) a i__l_ L$j| _j < <_ I jj-a jj__i_> 

(j_pJj-JI ft_»jj>- J-« <<_il jiajjlj 4 «in_) (-JJ J__— j__Jj_jil _Jjj___» _>_- 
<—i Ijl <ii II 3-— oi '""'J^J . <_jlj__jjlj 4 .iip-- j—i _— IJ 4 <i~-~- Jj— . (_>"jJI 

(j_ ft lj_^t_;j____>.^(_^l(j___l cL__t L_j}L^.4_^jJjjJI 

4j_l__l _lj_ J__i l d "jlV") ,_j _^JI 4jjjLJI jljJ.1 _L_ i-J_-ljJI 4__JL>JI 

4jlVll 4jj_.l Sjjii -II 4ji».jJjjjJI ol_jjj>JI <___ j_ J_La_J 4j _,L_a 

.CjLLjjjjmJIj 4jjj_I _>_La_>-Vl J_a 

— jl njj Ui"i ___ jjLJI LjjwjJj i^'ij ^a 1_ jjj _ji__II I __> _j aj 

4jjj_»JI _Ij1oiIIj_-L-»jJI 4j_I____, 4___-JI 4jjj-JI Li3.jJj__J| 

<— ilj ji'll JL— j _<_a i L^jl a i n (jnj-r _jj t>-_w|jj| 4o_sJI 5 jl-^tl J_-l_ 

— JJ J_- jt iLa _,_jj_tflj L4jj__>J (j_- _->.l_Ilj L^_jJ — _ (_lc 4jjL__JI 
_Ijj_J 4_>._JI 3..U-.t, 6 L- I jJ '. LsjLaL___-_jl <___ (jy-a J__- 
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_jc Ljijjs _-__ ,v,i ij-;>L-i .__ a^Lui 

<cjj__ ^LjiiJ! olijj* __!_ Jj->jJlj fi.M-j.lL ^pJI L>UJI 31 j__J 
jljll 4___1jju 2uj^»Jl jj— I L^jJj^LilJj^^^JiOj.ljuk.^iUJI 
LpUjSLa ,___ _ j___J 4rtj>j 4__lj_ 5u_JI Lj__J 4_j_l1 4^L_j__1 
___ ^j—JI _jJ «Lt LL>- LM -r . ^~ jj • ljU«« I ■>>-«-' _,L_ 3jj___J1 j 

4jj _lJI l^.n^-w ,__ll 3 j-__J1 «j^J _)_> U j_j_ll Lp.jJjJ__j ~ L_ 

S^i — _J| ___ Jla ,(__lj_>J| f .L_-_'l («ic _____ 3j_i_ _-_'l — =__ __3 
IjjJicj I Jj_lc I j jt a lj_ _JL_ LujJ ij-bjjjj J-0--J _)' <_-- ' ^ J ' J * ■» I I 

.4jjj_>_1 »L oj<1I -_a 4jjj-»JI jjLJI L^-jJj__j J_J J_J _,__ J_)j 
jjj_ __3 j_Vl (j_c? __Lij_>J1 <.L_>-Vl (_cj jI 'j~*J1j 4jIjjJI («J— J 

.3j- "-»11 (J_L_JLI j _>_>! j_«Vl _>c J--J.1 <___JI j _)OjV ___1 ,_j_ 

I j-b _;j?J .4_ijS_ 4 3j__a _>— jJI _Jj 3j_Jj\I uiL, _,Vl 4_)j__a £j> 

«I JjJI 4_ L__> I j-k jJ j__j (___ ~j j X 3j__ _• (Jj__kj __J I _| L>J I aju_u 

L>_~ _JI J jjJI Jm-_ojj --Ijlor _, S ~JL__j 3jl_j_5 <jj_ jK ~nl j 

4~.j I -»- _ilji~~ f>j 1 t 3~. I jlj-_j_Mj i_)l i_VI p , LjA_- (j_o 4-Lj_a 

Jj- JU <__jjl jjj <j o 1 L___ja ay>. Jj _,__• j _JI j^-J 4 eJ__Laj 

(j_c) 4jj_j_«J| jjLJI L^jJj-__J _)_> .4 i„rt'i __jJI (__-J .__a-lj_>- 
^j , X j_u S ~U-,1 1 _|jK~ i_*| ___ ~j i~ ■ ■■ -> __.L_-L>_- _jj*-_~ <___ j-Vl 

i_J_ JL_*_a ____ 4___LW ,(jL_yi (_-->• __3 4_t__Vl 4_ljj 4 _,_!___ 

.(j___Vlj 4_JJI 4_-1j_wj 

9 j___)4__t_J J4_=__l U 

(j! (j-j 4jj__> Nanomedicine j_jl_JI <__ -J___a j_«j (_ 

.4jjIjjJIj 4 jjUII _L_____J.I 2___ __3 IjjLj La^a L__a J__~J 

4 o~aU ^LjJI __L_jjjjJIj 4j .t-ill v_lj «jjUI J-T ___ _J j__~j _,!j 

LdJjj-i £__ _)f L_j! La Ijlj .4j___J1 4jLcjJIj 4 j 1 U 1 1 j — ^L_JL 
_L__~ ^ya ~__j.a_~ a 4 j l_-i 4— 1jj_i _Sj — __ i-IU.nl.l I j^J l_J__a 
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(j I *~J U) J£ (J o 1 jjLJI U>. jjj i*s~) 4 IU a <"<-»." j-_ J 4*iji t~- 4_nU 

pi .,,-.yi -___- ^ ...^: ^ji 2^1 jji a nUti _.v__uu 

L$_)L_ (_J_ Lxa-jJji<"JI liUj <_)_>.i jJsj .4_aX _ ^yLc. JiL_>J>j 

4l_jui <_>_^lj_>.l j <_ iljK ~>l i "" .jj— J' 3 jI ju jJ_ 

(j_lj„Vl(j__ j-JLI<n ,V'1lj,JjjJljL^I_ l VL---<. u ,- V" 

4U,,.ljj 4---V.ll 4 mUII jljJU — lUjit, "ljJSJI 4 I,,ii11 J_j 

45UI^ 15 j____l>(_ 5 _tlj. 2007 r __JI(_a jjLUI L_i>-jJj__ 
jUU 146.4) 4jjjUJI 5j^>-Vlj jljUJ 4JSJI -.U^JJ ,_)L_>.j (>» 

_>=> («^il Lej^"- 1 ' £j 'j-* 4 ?>S-rj I a (jit JJj j j~ * l (jVjj 

. JlcJj J j ~" ■ ■■ "j 4 1 , 1 j_9 <_iL>.L>_ 

SjjIj — >l jU^ Jj 3 ->•',> jjLUI <_J_ ^La <~_I_JI 4-i_tVl £jjj j — _»j 
l«-i_l_J. (J^L^ jjj*~> (_— 9 < " < l*i o~) <"_«L_ «UjJo 3jjj (_Jj -jjJI <«J— Jl jj_3 

(j— j— LJ.I < o mi^IIj (j^<j|Tr mmII — il j '. "~> jjjJojj 4j ij>~~11 £>L_I (Jjjo 
olj___JI JiU 4jf.UA j_jj (jL JdJ^I _-j . f ljjVlj ^lj-^^l 

<_j_ej JLy_« (_, 3 (j "Ti 1 1 J -_>j ii.1l j»J__l 4 ~r- j". )j ,4 j i>>UI _>}J jJI 

jKlil _,_ _. _4J ~j j~. a CjIj__ 4 jjj_JI jjUIt L_l>jJj__ 

4_jj J jl-»" j j«jp J>-f __» <",ntA j < ?ij < <-> j"JI 3j\j_jwf >a 2_J__« <>1 j — if 

. Jj_i JL>. ,_l_ CjUuJjjjUIj _U_}U DNA L^JJjJI ___LkJI l,..J<J~j 

CjI _jj_i_II j __.|j_VI _!jj _ ~_jj_a _JJ JL>JI 4«j iU> 1 juk _:j1j 

JjlsJI J (JjJ—JI 4_jj_«J p .,i-vtl Ji-I j L^J^LajjJ Ljj_>j_«. 4 j_jjKjaj 

,.U__f 4jj>J1 L_j>UJ1 ljU^j cjUjSLo ~^L_I ■"■ ^pJI 

-r_jj (_Ja SjyljjJLl jjOII lTjVju_. (1 - 9) JSL__J1 j-bjjj ...^tl 

JjljjJI (_J3 ~J__o jjUII U>-jJjJ_~ CjUi_L) ~ul__J,I j^UUJIj 4jjjV| 

Jj-j (>» 3 j__U1 -.1 r -.;t.l LdtJ ^l j_>.VI _.LI jj j-u ^ jo" ...1,1 

Ufcjj_. J_»j (_,— 1j 3o"<jU <— j_JI j_lj_j 4J.UJI «.IjjJI _l_J-_ 

___-_« ,_JJ 2000 f UJI (>« 3j___l J>U. sJjj 400 v>5e • 

. (1) 2008 r _J1 
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4|__ll.*_ll 


108 



JL>_» __->__l £lj___-l ujUIj-J (/>___! ____l yJU») : ( 1 - 9) J_-_JI 

- 2000 ijjj Sj i Ati ^ ^jt_ii Ua-^j^ij uii j ; ^it-i mijjiiMtitii j < t-i 1 1 j j^iniii 

L_SjuiL__I t____j_ -___.I^j,i JSL-JI :jJL__tt)2008 (>L_JI. n , ■»" .. 

(1 p a j ' 1 ^rj " j ■ ■•' — y 1 ■'. : ' ' 


4j^i,.i;_IL»_t c> _j : »i7,~T j_L_1l-__ 

j|j~ £L__il _l — __ji! £jui jj_JI L_i-».jJj___ _,L_ - <«_-<- Jh ^«-» 

J_ _JLj l j jjjj "■ 3jL_Ij 3jLtl CjI j ju i _ if.^L"jJI Jj_>. (jjs 3, >_),.> "j 

(_- 4Jj_>L_9 _,£_ j«J 3j — jJl>. >_il ni<-> I og« « j _ — - _£] _rtj l_L_,I j-at—Jlj 

jJ-l"«< lajVi imU 4&±A _,_ (- <~-.ll _;j| j_j .4j1_-_I 3jL_.I 

i jljll ___ _h_Ij_-j _jljj_ (__l SjLjj __!! L$jl m i - ^.1 — --I jj___ajj 4jj__ 

.4j_-JI »1 i>>f _H I — Jj-i- ljLjIt - j-a _jjji__Jlj J _.L__!Li L$J -lji _■ U-a 

_1_ 1 j-.....-.<l ^jJI 4_jjLU jj_ 3jjj_JI c-jliii>-ill _t ,___ Jj_"_j <__ (J-jJj 
JjI _JJ _>_JI J)j__ _,_) 3j-ij<LliljjiJo __II CjjI Jl9 4__iell 4jjj_JI jljll 

_v- jjjSUI («jjlSj ,___ jj-lg-Lit l^_K L-_\4j-^ll4_-^-Ulj4-o--jJI 
4j___I _jIjj_JI j> j ,<_-_-jJI ... UII Jb__ J__ Uo 4jj__jVI Jj Ull 

. tljJI (j_. j— iLI _____Jlj _-_a____!I ,__ 4_JLa__Jtl 
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j-Uf L»jJ..__j 

i fijtn>b u- 1 ^ ^^J*- mMI _jVL*il jcAl JL>J _-->jJI i__-ll Juljj I Jl_ 

»^a ._>_ijil _jjJl>. JlJjSJ _|l — -VI 4tki jjjj_J (j-___-L_1j *LJ_VI ujljLjja 

, « 1 /:.<-. ... VI, a;l.-t l 3_.Ut l _ J L_>j___1 __fl 3. .y...,t l 3j_»-Vl J< j_~..." 
. (2) Biomarkers 4___pJI 0, n .'i.lSLll j___j J}L_- ^ __>j__JJ j__Jtl 

3jj___« jj_, 3jjj_- CjIjjju _jjJl>. sJuj Ijjjj J— - (-— llj dtn/tjJLI _>_<Ij_lV|j 
. (j_>jJ,L 4jjL_>} _, i~i ii"i __JI LJLc. (_gjjj (__v>JI __3 


i><J_t_i _,_- J>_»tt,l JjT-» _,1 • 

>=_j (-J-SjJI l_J_JI £l I__ SjLjj (__ j_Vl jJjl >i_JI _,l_ J SJ 

4_JLc _>_.jT.ill «j4>-l L_y_ < "-J 4_jJI 4_Jl_. Sj.^j^Mi* JjJo dsLjj u.1 

«Ijls.1 iy\ io,ii*»ViU j_i_ __ ■ V.j « 1 1 jjLJI Lo.jJjj£_ C_».ljl JL9j . 4j ul i n-sll 

jjSjJ ^j" ■ ■■ * _— S jj«"tl ^ ; • ■ ' 4j»j_ja J_a <4_j_jJI 4 \ iUII JJLa—JI _>_ jnn 
(«jj (» jJI ,jjj 4ja_J 3j_Jj 3 _>__) _»___*_ J>U- _>js («_J ^ jjl (»jJI — SjliJi 

__)} 3j^>-Vl aJJL Jjja '■ ■ — "■ (__ j»J_uJI (_Jjjj (jl jlr»"iill (jjsj . JLojJI i__ jL_JI 

.j»jJJ 4Lal_ 3jj_o t.\ jjvL 4_i__.l JJLejJI Jji __J IjJjLal lV ml 4jl_j 3_Lj 

(^JjljjJI ~}_«JI (___ j»Jl2jJI _£Jj» 4juLjjaj <4j_I 4_JjjL Jjj" i njljSLll ->».J i n nij 

. V>L_JI 3j__> JUIo ^jJJ ^jjj J jUl J jj>.I J>U. (jjo udJjj .La o-ijj—j- <>> 

(jwO l_JJjj .J__>Vl _J_- 4j8_.__J1 (J.U.»jJI L_lljj _J1 JjL- IjLA J^^Lj l_3j U.J 

4j*Jj — i (^JjC J>aj>Jll jjjielli) (« — u.1 Lgjit (jjJoJ Sjjjluo JjL>o 3j\j^>.f JjL>- 

jjIj i(jjo 4j*jj i |«» ^jlOj V (^jJI # jjLuo (^JI IjJaj .«Lab-on-a-Chip 

jjL>o 3jSj3 jlajjuj .(«i» 2 — 9) jsuyi ^jj3>« jji L»s* .j . „i-^ti 3jjj*.i 

(ji>Ji (jl — uJi^l ^j ,jjj I Jl>. 3 ^ jii^ 4jj£. jL>.i ^Jc jLjj>JI I jjk JMi. ,jwa j»jjl 
£-jj»j i~ij%. 4jjjLoj^5Ljja i_jjjLVI (jja 4< ji"ii Jn->"iflj jLjjkJL i ' . i~i a jlji. Ji-lj 
.(«l-j» 2-9) JSL_JL (jru^. >_ U_ .(oJ-JJLl ^^eiJI JjLmj 5_j_JI l^li-ljL. 
4jsJ__i t .11 jL>-Vl _j_L_ (j_a_(lj_«. 4_Lu_> L_iLj_j (_3 j»jL_jJI ^ ji J_j 

L^ ^ ^jij .MicroAuids ^jjjaajSLJI jjljll («J_ ,_!_ 4__L_II cjLuUoJI 

jlj^wl (_lj ^ j! - ^jil 4jUr (_o i-ij-w. 4_u_a 4jjjLa Jj_j_ CjI jj2 (^JI jL_-Vl JjIj_u 
lgi^«i L^jjaj Jjl>uJl4Sj_. JL_j«"t ( -_tl4jj4 - »iUc jlj i"iVll4_v_— e ■(-] Sj-u-^jJ u 
(»1, tVi.nl jjJ jjaa jL>.Vl i_j_L_j 4j_)L>JI 4jin"ill — u.Vl _»__> _J_ (_>j_«JJ 
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.(^^Lsjj^SLdl jjI _$JLI j*k. oL*j| ,ys JsOWJ ^JlSUI _£ jjj ___j £jv ^JU . «_^jljVl 
. I^M^^Ij j«i<Vtj^jXJ^Iolj riVUi£ll3^ji^^ 



, M ; 

„j^l\^i\, z ^ jruy (i) jSLiJi :(2 ■ 9) jsLiJi 

.jlajjjWCltJS^tj^^.^^^^ 

(yUSJI I jj> i_aJ>« Ut^ O 1 *?» 11 "LiiSUj __>_>• L_JU--ij _>.__-_ ^_ 


193 


a__ut_aj_yJI j»tjy Vt Jj_- jS-*l\ -_i____t| • 

L>L*j L$JjL_«.lj iAJjLaJI oLjLi. jjji".' -Joj-J J£ <___( (jL-jVI ^ m-». (.j-u 
LjLiJI fcL<--w Jj~> .« J_- J}L-VI j j>jji"H 4_lLjx. *Lul f£u luj». l5>>- ' 5 J y JL >" 

ix>.jJjjj 5jUr 0 a l_L!_j ._,>__ eLiju _uV1j LjJjJLi" jIjJ.1 4 <j.__JI 

4 «J,U l_Uj (___) "j_.U_JI 4__,jL_uJI (j_« («AjJ' (jr^J -(*^ j«_____»J1 LjJJ ^jJoj 

C-JljLi 4 ni< iJijjJoJj ," U"1K ,-,,„_t (jL_-t i_jJ_*j JlS 4j1 VI .4_LUjjjJ1 

Genetic <_--jj>. i_ahjtjl ji>jju i_jj_*j mni-ilU L-Jj_UI (jj ju-S' (__JI £L"_v_i 
.jJjj ji i_-*j V ___]! -jl__>j_»JI L>UJI ,jA*j _.}-__« -___ <«___*__! .Mutation 

.3jjJl>- _fj-v.L> LgLjuj jljll 4__jJl_JI aL^Li. J-i. ___> (« — _u_vJI J — ZJu _,t jt 
_£jjj <_--JI JjJLuJIj JjLvVl C-ljUf 4jj_.j ,j__ 4jvjLjJI 3K miII Luk _ua IJluj 

4_SjLU .^M.-yll (j_« 4j| inll 4'1-iUI l-Uj LjLi- ___( 4jjIj ,.f oLal _-_jl __JI 

^Jjuj V <<4_ul_oj — _g SjJJ» I Jl$j SjJjjo ■ 4\jjj_vJ1 (C_Iii!l ___lj_)j Jjj_»I (j — c 
" jC ■ 1 1 4jjvjJ,l , ' 1 1*. __2 I j'o.1 .h.-.C I , ,. .^.i " 1 ,la __| j", «j j< 2.,^.i 1 ( ji — ^ 
4jjLL3j___u LjLi. 4jj__s , j"L__uj "jjjJI J-UJ La _)Lc.j uij .4jU_>VI ,jja 

L>J i_wi._UI L>UJI cJji_-j 4jlijJo __k. j-)j--JI Ld>jj-ij jiij: .Cancer Cells 

__3 _J_>JJ U_« i"jjl_*_« _?J_>-1 eL___c.f LjAJw __3 j! 4 — _l__> l_)L___U jjJajJI __3 

.(3 - 9) J£__J1 (^j-Lbjjj ja U£ .(__JLloj__- Tumor ,-jj jj-J __!! 4jL^JI 



LMiJI OULo-ajLi Jli. (>c ^__1LUI ,__jLbj__JI j.jjJI jjii-j J»l y> (3-9) JSL-JI 
(_jUSJI I j_t -_Jj)ji ^UiiiIjj _uu JSL-JI :j-u-_t.l) ^m-sll «l___cl jj-t ,__a <u_>JI 
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L}L>JI jJ j juj_>_j i bt ___l 4 jlor _l 1 1 j _ jj o — . 

"_L__a j__ __iL__VI __« Sj__J,l J__ljJI J>_- LgjLal mn')lj -_uLLaj__JI 
4_j (JJ—J lt— jJ — — ~- f L»__l j « inl IjJaj _LJ_j i Li_j 3 — n iii 

Sj-ji.^JI L^L^I^oLa^^j.L^LJ^I^-^ ,,,t.Uj^Vl 
V -JJjJj <3>*r.VI 4_j _jU__ ^jLi. SjLc _j__; U_ ___.lj_J.lj _*_>__ 

. L_Jj>.J 4)inl -Jjljj -_JJ__J jjj (jj_-i U' J-" "^! ' ----- Vj —JjJlJ 

4 o J, a aj ln-v. J_4J (jL_j__ll (j_ j- v j 1 1 <____JI _l (___ i 1 1 i'i 4j_ (j_Jj 
. * V -_uL_j__N ^ljJ-M (jl _JI I ^__ ijJUJI 4-l_,L_Ij 

4<ti^ f — >_~l _JI L^L*_-I J__j LaJUC 3j_-L_a __VL- VI L$__ 
L— jl mi~mI J~-«~- -I iSUjLIoj i .1 T t LjLiJI (j_a (j-ujLe 3ji_ _,__ (_J_>_ 
. < ,i-»JI (jja <_jL_J,l j ir-nlLl 

3ojj_ ol _L_>lj 3_vjjl>. I _LaT jjLJI L__l>.jJj__j ___-Lj? j aj 

(j^a 3 4 I ~T< a 4 _3 JjL>- (j_a (jUoj uJJ j__JI (j<->jAe u_JI i_)l jlo«t 

L^ik. JlLaj _^JI Nanocrystals -jjjLJI oljjlJI p ._L i_a ^ju _l jJLl 

Ji-)o>L__jJ > l «L__V<,Quantum Dots -_l*_JI J-LUI»^ ,,.\ L__j| 
<__-Jlj ( I g a>j— . j .CdS ijiilin j»jj__l_JI jl CdSe ijijli.i j-j^l-jI—JI 

.4 , „'i_»--| * jLljI _j|j J_L_Vl 4_jjj_> —Lua. <_o_ (___; L_j_i___»_ («jj 
_1_ I (_j_U _JI lj-_ -J .<_llj_-jjL lOj 2 (jru L_jU__l — jlj — jj 

L$L_jj L_a <-_pL_Vl 3jj II _JjL__ -<n ■ ■■'■ L$jp- <4jjjLJI oljjiJI 

_£j_-l SjLa _;l Lg_ 1— cj V 1 3 j j a~< _ 4_Jj__j-aj 4jj -— -i __>l jicj £. — __! 

J___1 4jj__j __>lj i- _r— _ Jj-__«JI J>-l (j-a J ._jJ__>jJJ *L i_V 

3, \ i n i 4_»jjj_.I jl jJ.1 a ju$j j «i a i i_ll (___«JI L5L>. (j_> jju _L*__Jj 
(_JjVl -__J_JI t(jr)-3jUt < nU~ 4jjjLJI -jIjjIJI -il jj i - _l_ <4j<i m,1I 
(_^_ 4^ja__J 4ja.j_-JI -_UL_JI Lal <ZnS _ljjjl _ ) |_j_L__ (j_a 4jjS_a 
. SlO^ Kjlj i nll 3jLa (j^a 4jj_La 

LjUJL 4__L>JI 3jL_JI ^L-w^I PEG _j_jjj>j Jj___ ,«jjj Iju* 

4j>.jL>JI — J_j_Vl (-1— — j_u-i J_J I jl o « a L_jjj__»vi ^<_J — o^__j__JI 
J_C < I jj .4_l>.jL>JI lfl— -Uiii? (_!_. l__-uj_jj I4J (j_U (^ — jI JJI-L.lt __J 
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*.UIL*4l*-_ 

ojl .>iU (jLa ..-.Lj.— tl .<H"i (__J_ l$j"~-j JjJ-_j-> ■ 'I -^ii 

j»j_i _j_.--.tl ~ ■ ■■ _■ 4_1_JI j 4^L_j_JI L}L>JI —iLjjjjJ _jja 4___,l 
^..i-^IL 4jjL— j_Jt L}L>JI £_>lj_(__JI —tl_.j_i--.tl 4j__.jj(___i __jil jjJli 
fi 1 11 7 . l l _>_jjjlj J__ i^aj ,j_aj . 4jL_il j-i_ L^LjJI (j— « Li>j-}_ (jjj 
1 j_, Ja«j .jj-i~l 4ji"~i j-lj_j_ _L nlj^-JI <-.-».* <_ _Vl L_L>.ji 

4_J__ £_>j__ "u.LL_j _JI LMJ-JL 3_>j>.jil oLj_lj_»JI __ 3j_l __,__ 

L}L>JI jj (j_Lat 4 _J (___£. Lj L&J— I JJ__9 ~L_Uj_. 3jJJ_l L_l I jj 

< 4jjjLJI jljj.1 ___« 2°i 1 11 _jl__l ojljJ _l_ jl.j) . L.jlj-c.1 cJ_ 
Molecular Imaging ,__-jj_>JI jjji.Vitl ____ J_L_ j-__j jlj-»-j ._- j-Vl 
< rt.^.^tl (___s 4__L>- ij»j>JI — il_ g i^.nj _;jJI j»ljjVl <j_ j—Jtl l_ — — — — 
. l$ jlJI (_._) S j_CJLl iJL_ j_JI ,-ljjVl (j_- 


~U»jL_tl j_JjL~_»Ilj~Li i J*Vl 

JJij 4jjjL lLiI jjj— (j_a -Li-tjJLI .4 _i .L-.t1 j j<»l ii-tl - j j 1 1 j ' ■ — ~" 

jj__jJIj 4jj_iVl 4__il_ __ij . I jjjajjL 20 _>_ L_jL__! jL«jf __-l_L_« 

4___-JI -ujjLJI jljJ.1 j-joi^l^ j_.j._L~Vlj 3ftL_QI_^(j_4jiUtl 
4jj_l»JI oL_jj-*iJ 4 ^l-.^il ( -L*_wVl j—* j-*M_i (__£ j_;_L_JI _L__» 
_>l l_jj_j_UI <-_*_».! j_« _JJj_j y '"?JL 3jj_>.jil Biomolecules 

«Jjt ,___» 4jjj_ll 4jjjVl J hThjj p . ..--11 L$J ' ■! (___JI Ljjj—JI J 

jL$->- _j_ u . iy.H Sj_ _u» L$.— U j _J jjl L^aLa-j-l j — __> (___£: . I — $->L$_ 

i-l _.».! jj_wj j-jL_u i_gjJI ip _-»JL Immune System 4___il 

jJ ___-Vl (j~a «jjJl>. 4_t_> -u Ijj tjjo-t-Ljjj I Jj^ ~ -j a i4 jlf 4 Liwj 

(j_« 4__ll l_L_j £L__-1 (___» j_4_____JLl j_-_~JI j_aj . Antibodies SjI — __J.I 
jjLJI L_>- jJ j.i<"i ~ a~ (__,!_ Sjl»_J.I #1 jjJI 4_Ll_> (jLJa i^j^jJt jl ^JLl 

J_-lj_ SjUj_ 3 JjU jj2)__J 4jjjl jSJ__J (___» Sjo-WJ Sj~_ _L« _ll JU J_ 

:3-Jl_l LljJI Ljjii 
. ,1 jj_ (3) (^jJj^I j_lj_l 4^_j ^ SjLj - 
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4*._-i , *-_l 

Jj__jJ| __» ^ljjjl (jr___J JjL>- (j_ _U_J ..IjjJI 4jain 4j__j J_1-j - 
__9 MjjJo liijSLU jjj (j— « '1 .'_«.' i-iLuaJLI 4__j1__I _Jj 3j iiL_ 3ja_aj 

. ^ i n-^iTL) l£j_-I cil Iit ~ 

.4jL__1,I - ...-».11 L>Lj-J *1jjJJ SJL-aJt JjLU JujjJ _-- jri <■■-»." - 

jji.^" J>L>- __* *Ijj_J -JU-Ji 3_LU £jj_- Jj-_- <__ <<___*__! - 

2_JU_ ___ S_L_jj (__»j U_a .4 J 4__1_JLI __ Vj ...Ktl j-l ___ jlUa? 

<_jUjj»JI jJlC Jj1"Ti L__utj <4_ajj_ll eljjJI 4_j__- (j__;ui_--J .cljjjl 

r l A.Mt _ .jlUtl 

_)l _jjLJ -_. ____JI 4JLvJI ,____ SjjjJLI 4^J_1I j_j___JI j _ij 

dU»JI _i_ J__c 4j<j'.Kj- -j _J Iju* V__ c-jU-T^I __.1_L____. 

__jjJ_JI <_____. .-. -_ J___II (____ __J_JI jL__J 4__.j__U 4 3j'^_JI 

-_!, __,L____'| _1 __jjj_.l ____ .____>_ 4_u>-lj_.l -JUJ! oL___L_Laj 

W JL__-jVI __>__._> _J_u>. -_Ij_j_j_ (_-) j j.-i ___ 3_U 
4jjjL_JI — jI .'J.i~-1l (jL»_uj < iLo jj_j_JI 4_JU -s___a_J (__>-L__a J£ — _jj 

j___jj 3 j__U_JI , '1 I- _J__ jj-j-JL. (5) y> ^<VI __l_l ,nl 4_j__;l 
__j__Lj __L_jj_>. ____ 4 ,<ijgU JjU. __« __J_j <L$J 2_l_-I .,-1,1 __l j.j.;~1I 

JuljJI <__>_;} (___ J — oj_L9 < jj.1 <__JJj __a 4_a_«__,! 4_m____J| J| _,jVI 

_gj~ . ii a > ir L_il_ — j i <-~ t _bjj_jj J_u -dJjuj . L-jl . ii a 4_>UJj I jia 

_ljJLI J!___-1 j 4j,.,^;tl 4JUJ1 __L_ -___ ___-___, Uj _,-mU1I ji-j-JI 

.^J-jj-UJ^-L-JI 

4„...fo ^l______Li ___1j jL__jjLI 4jiiinill 4JUJI -J_c ___ Ijji.j 

(j_Jjj_utl 4-__Ka __- 3j _a j a _J-_) j»JfJ1 _►_-_-> '4^j| __a 4 j-w^Lc 

ajJJL ,jL____-l («Ij _;__! i. ... .'.<!,! -____>! _lj__a ^jl <..j...U HIV 

jl __a JjU«*i JjJ__ (>_ <-it_J . AIDS p l_Li <__j — -j_) 4_jj_ji>uyi 

j -i j V (___=- *L__jjJI j_j tl — jIj— LjL __ __tj ,_L__. _j_>j _>-jj j-tt 

4__^J.I o ju_ _L_»_ J__1_jj . 4_w__)? 3jie — __a J_)L_a L_Ljj >L_L>. Uj_£. 

l-_j_jj __a 4-*i J, -»-7, _JLI 4jjI j n j< 11 jljJLl l1i! mj~» j-L -a-a-l jJ_u_ _,lc 

.(j_ij___JI _p.jj.i_JI lju_ 4__S__J, 4___li_J! 4j.it-.1l j_l_L__JI 
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»-_11 

*lj_JI Jj-»J- 

4 jULlj 4_ijjJ_ ,__1_ l__L_J .1 o~i«j jL_c _-~" J (jt — 3jj_dl 

J-l^-S-lIjj.^-ujIlr---^ JiJj Jj_J.Uj>Jl <_-)} 4-j-_jj4- 1 „ j'.Kj a j 

i ijj-JI (j-a _i ■ jl' a I jJ 31 ^ 4jjjL>. — jIjjj— i J— Ljj 4 K <i a 2 j— «j 3jlo 

Jj_— jjj 4 j il a 3jjj_> (jjJ- jKj--l ,__9 4rtl*T-I.I 4jjjV| ol_j__ (j__L__ (jt 
JjJ— >J <_jLj__j i_j_>j__J1 _dJj (j_L*0j (jtj (jL__VI p in->. J>-1j «JjjJI 

juljj . 4J-J.J-JI <__ Jli. /\ j__j (jjj (j^ jl jil (jKJLI (-IJ «JjjJI oL_uj_v 
_>_. (_"-_ V <__1I 4 i«ir-TI JJ~Vl (j-a «Jjj _;V (_5j^>JI j-1j-!1 4 oj^. J_aj 

SjLj jt 4jj_j_ (__9 4l>.l jJI 4_uLaj_JI jI jll oLyjr-. 4j _ii SjLjj jjjl- 

4~ij o i n 4 ..„'. (__9 JjLjj (__!l _Jjjj I j-_ (j- 1 .(j-UjJtl L_L_>L«jj ,_jj| 4_.j_.JI 
. 4 oj-oj <__ilj_; 4_i_ p -r 'i j L_a 

jj__ _ Jl Lg—a jjjJojJ » ' -»-~ ■ - 1 1 ^ ...yjii JjjJ.1 jjLUI Lj>.jJjjSj jjuj 
JjjJo (j£. ulljj j»jJLi l^jj^JI LajjjIjj 4jjju SjLjj Jj_- (jj» 4jjjV|j SjiUII 
r-jLuj JjJ*- <<JJ '>'} I j->jJji^'ll —1— |»j4jj ~j • - 1— ijJL_uii JliIjl-cj — I 

Joij JjU—jj i— iljlor (__3 4 i "" «j 3jjj£> <_jl__vL>_ (_JJ CjjI 4-a I ""i aj SjCiia 

SjUI «-iLujjv J__i ,__- 5jj_JI jjjj ,__ 4 «Drug Delivery «Jjj_JI 
}l_J l— jj_ jjj ^in-OI LjL> (j>» Ijijtt «Ljli. __lj «iljjJJ 4JL—JI 4jjLj.ft.j5» II 

— lVj i IH^ -£_i jj p J 1 ■ — ~ r~JJ t Jl—LJ J_U— V (— L«- • ^JJJ^j Sjj- (J-1 (_r^J Ij - I ■ " 

(__!_. Ijjjljjj». l5j— »o _j> Porous Polymer i .j^jjJI 4j«l »» ol j«ljll ^ 
* IjjJI 3jU (_iLojj>. Jji-j-i -■ o i n"t ^jJI 4jj»L_J.I i_il ja_UI (j_ _9VVl _jIj__-. 

JJ——JI (_tl l^Jj_OJ JJJ»_IJJ l_Vj _J_JI tf__ Jj— J JUCJ . l^L>l J J—J U_J 

^Jl f L__iVI (_a 1ju3 4jj,,M<ll (jl_ r m.^IL. 4*.>L- j| jil oLai jl (__il 
«jLll _jL±j-l>. jjj^.jJ IjJojj - j— j— — La jJi—w? _j_jjj>. (_1j ^<u Zj j « , a> f.\j >. i 

3 J_>lj 4__J £jj_ V l^l_ .CjVj „.,<1I -JJj -j .„•. Ji.1 J «.IjjJJ 4jjIjoj<II 
Time- 4jj ,„-»■« 4-iioj oVjj_u 4^L_J.I L^__4 (j-a (jlt-inj l-jj i n". Lcujj 

J___ Lj_« 3jj_Ij djj ,,i.<(-UL_j (ji (_j-jj_JJ -_i I _« .relcased Drug 

_3jj_j .-jIjjs SjuJ L«jj L^,ji___ (jjj Vjj -:>_»_ Sjj-UI 4j_«jJI SjJI JIj-> 

. Jjj_UI 3ju_». 3j.U» ^L-jJI ^u-L. ,jVl 4j-_II 4jjjV| 
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u iiijULiiJ,l _j__VI JuJl-JI Ijin^y 4jjjL_l| obxpJI __Jj J-Laj 
*ljjJJ 4JL__JI 3_LLI CjLj-l» «_a L$la 4jjjj a ; ■ i_J_. jCj <___JI Fe 3 0 4 
. 1 ij<_>_Jt (__al 111« jijJI j_a 4«ii,->a ajj 1 a i< J-»-!- L*ja I «igi-r i"i ^_jj C-j-t-i 

5 ii U i a (ji-jj *i) V -.' mJ-JI a.lgt (j___jj,l Jjl i_ 'j 7- « • j 

1 njUI ii a JLjeJ, 4_kjLc jljJLI j) 1 r-> ■ 1 1 I _"i -»« 1 ^j 5j (___)lj 4j_»-jL>JI ^ 1 u-»ill 
jjjj <JJJJJ oXtl 3jL_ 4 j ilo ijjjjus _SJ-JJ jLg^- |»l jjcj — _ul (JJjJo jc -JJjj 

.-■Ijlj" *,! LgJ I a - 3 lj , .. .< 1 1 J__|j_i 3jjj«.jJI 3 Ul '.it I ,_■ .-_U ^Ij- 

__L_t__JI JMi- jj» "-Jj — >JI __lc «.I t)jjl 3_La <__l m;> j»Lc jl __lc J mi 

)__l_-l jjl j irnll « 1 i-i jj> j-b- 4jl n« 1 L _a _) jji LLjLSj LaLaj 1 ji>>»1L 
(___ SjjJ_>JI 4jjjl_JI jLJJ (ja _J__ (J_j_l___lc .4jjVI s juk __3 _L_JI _JjJ*Jj) 

L^L>JL^L_JI(_-Aj4jj..,-> J ilj ljLt3jujj^!tljVL>. £>!__(___. l.iijUjjja-J 

jJL jljIlcdLa^|j^a^LkJI.JjL^Vlji^VjL>J.I -i_^ jt^jil j_Jj.4aj___JI 
JlinTil ^ tiJajJI __C_ajJI ja-L>JI £ji«_i j! ___ . L^L»! j_u_» __lc _La_C _ I j) 
L_.j-i__»oj£LajJI Lj^i^JaLlj(_JjzaXaL^la;flj/j1l3jjjfcj»aji.'-,< a" t iSj--4j}L>.(ja 

■£kc ____ 3j jlSJI L4J Neurotransmitters 4jn,-.r dL ja j>LIol J>U. j_». Lj^ 

. jiLcjJI Jl_Jlj j_»jL_ijJI Jjja 4. j 1«-»«* 1 n II 4 j j i<->«ll _>_> j_aVI j^_>___j 
3j^_^^ljj!j--_jl(_-Il jjLJl>-Jo-_j--j_-a)t.jj-_Jljj ^'....lljjU-.ll L _-\t,<lfi< 
4jjjL CjI mj-v (jja i__J1jj _--llj nJjjwajJI .UlVill 4jj jjl 4_u_aJI olj iji-r". 1 nl,l ja 
,4cl J_»-J (_JjajJI __cLajJI j_«-L>JI jljji-l _--=■ 3j_L__i jj__i jju_JI ___• 4jit>l nfl 
»-a j i"il 1 1,1 JjL-lll LgJ-ijjj Lajai4lLilj__ Jj-ljj ii" i 1 , rit ^J.I(__ll 3j " il 1 ai_ij-jui -ij- - 
.___-lj_>- Js-JJ (__)_! jj_ jja4j_j_-jj> 4jljl L^I_Ij4jjjijJIoL___^Ii_JJ_ 

jUaj___tl j-w-J Ajj im ill^jlm i jjLJli___3 
jl__j__JI-^t_U^ l .L<i.M,tl_^>jl-tltl3jLJl« 

(j_>j_u4jl__-yi jc 4__>.1_JI 4_JL_JI 3L_jJI __Vj__a ji jjSTji n mjJLI jja 
4jIjj ___»,___( LaS Ljj__) cJi^ 1 j^ j-uij j! j__oJ_;i Ljjjic ijJau ^«J jL_>j__JI 
JljLa (j_jjj,l lj__ j?4_ijj_a L_ajl j)->J.I j-aj . j» j_____il jj-JI j_> j__aL>JI JlUI 


199 


. 4j-LJI JjjJL oLajJI _VbJ ^l £>»*il cy> --LU <> 25 _>« __>_?? j„-,-j 

(j__MjJI — lj- —II J}—- 4jj _JI 41''-». (^jJI jjj_JI j»Ju_JI _jjJ (<-CjJI 

_Jj jLs .4jjL_ j _JI -ljjVl (jjl 4jjjJI i_iL__Vl JUjL>jj 4ijj_ <_9 4j_sUI 

j^LjjJI cLj _Jlj £^L_J JjL*» (»j_j jlj--l (jJJ j— j (_>-_>jj' j«J 4ji<riU jj^j»JI 

f»ljjVl "UJLi 4ja,lV' ,„U 4jJj__I _jjJ_II (jLjs .l-Jjjus JJ» U£j3 .,j_jil _j_ 
(jr_j_-}L_l jjjJo _j- Lajj ,,__j>.|jj>JI Ji.J_l _j__j— (j_ _jj__j (jt Lal 4jjL_ j — _JI 

. Radiotherapy _^__\VI j? .Chemotherapy _^L*jSL!I 
jjS"? (jj^ 4jJ_ >j __JI <»ljjVL 4jL_il ,lj>Vl 0 \ .jjj^jjJI _j_ ,_-_j 

4ftjln.1l 'b—j-jMj L>L>JI _j- LajjjL _ujj_ La I jl _Ujj ijljj_J 4j,„l 

4j_>1_JI i_L_ ,.-.i;-,.„l (JjLJI OJ 2l\ _ljij« ,„*i ji-l j? ___■ . I jJ . r „-_,1L 

^yi La 4~Uia __,_ *JJ$-"> (j_j — *■ (jjLlo j , , . l l j»JjJ1 (__r— 4 iflj__ ; ll i_VjL_a (jjj 

4_L__J JjjJa _j_ — U jj .4jL_JJ 4't-iU ,_9 LL_a 4jk. frL__llj (« _j>JI 

4jjIjj>JI 4jjj_L ~->— Jl» (<u-,L _fljj_ *_jj_- 4ji*i*i "___ljj mJjIjjjJI jjJ— U 

JaVl (>a I jjjS' 4_j__I « jjfc .-■ 1 i Thprmal Ablation Therapy 

4j ljl*i"ll (JJjJoJI (jJji I $JSj— i <— JJ ,~,j~- i4jjjj>JI (»ljjVl (__. el __L!1 ^yS 

SjjLtil 4jwJ _JI L}__J jjyj Jjj i_j£j I4— ; £_u I a L_lj (_^JI 4_"SjjJlM 

.(^U .'i.yij^ljaj^ll JTJ-JI ^^1= ,ys JLJI j_ L_ .4jLu_U L!vL_J 
{y, ^Lui LjjjS ^jic—j (jjJI ."Ljlj_JI 4jjj_l 4_jj_ (jf ,_JI 4jsL_VL 1 j_ 

~"}Lc (_yjS 4jl3c _a Jjl— _jjj_l .i_jjj>JI j»Jj)JI ljjH— _Jj 4 a-jJ.1 jjjJJI 

(__»JL JjijHJ J—ju — I J— (»JjJI l^JjjS (jjSu (_y— lj i3jj>._U _V_JI (j— «J 

4jljjjj,j 4jjIj ,nf ĕjjj_jj LkjJJu 4i_3 (__^lJI 4jjlnojlll flL>L>. ,^1 n'i i a 
^ jU. ^L_jI Jl (^Jjj 4j__I _Jj j»lji___l (jf JLU.4_p ,,,-hII *IjJ>-V 

4jj r-u lIiI^jjGj 4jkj3-j jc 4j_ ("_■ *J Lj-a p ...^-11 Lj_- *>jljJ>- 4->-j)J 

jL jj_Jj (_J) jf .<1~.j~.tt _4_>jju Lu> ,4_J uJI 4j* _jVlj LMJkJI (jic 

.4j>.jJjjjJI L^_L_j tljl _JS j«jlj J_— j 

,4ij_J_JI tf j^J ~^^L_I 1-jjJI — fj (Jj— ) _Js (_y— — I j»J— lll (j— («-ijJI (_j 1<* j 

Jla ijlj_JI 4 *.jj jjSj __Jt 4jJjil 4 j)__l (j_ 4_j_La jjl u_a j»ljL_i _lj 

J>_- jja ^JJ^ _)L jj j JL_jl jf .4JLJI _l JjjJI _li 4jjjj_JI (3j±1 _L>.jil 
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4»_-II«*_lt 

jj_L ^oU^" L L_b -ja^JI (ji VI 'Ajjj^-JI jt 5j ,,,jUI;;i,l cjVL_U 

(4jj^SLII 3jt j« . „-.11 3-» jjjjjLs^ (»•— "■ Jj— d ~j* 'II 4 jintl J_slj_JI 

L^L-wij LjLkJI jLuI .^L-u^I l-.___ S -'I Lyo __Ls? jLuaJ J& 4_3jJI 
. L$J 4_i-_J.I L>L>J1 (j_« L*jj_ _jj Ljl jj* Lj^l igiml 4Jj$_JI __s __-J i_--lj 
lLUj jl m"iiI (_— 9 4 j il i ii jj i ni CjjjI Lkjj_j 4 ji""ll i— il « i^illj _jl_j_li « j__ J_ 
.4^LLaj__tl j»ljjVI ,_3 J-ujjl _)L__ (_1_. l_,iijjU"j <L l""il,l ijjjiaJI 

,___. - LJL. '~"-..tl 4jjL__J| (__}jJtaJI 4-^icj jt »1 «J_JI (jiuS -_i_ I jj 
< __3 _;_jj LAjI i m*i'iI __« JokJI jf 4'mi^.II (»ljjVL - Lj_js i±-jJl>JI 

_Jj -_xL>JI r.-i^t («j jjjjj .<Ujj.j -j1j-ij_j "jL. 4jjL- j_T _JI _L>-Vl 
*L_a_Jlj (__i__j__JI j»JjJI j-g- _-- j» !■>" i n"i i3.lj.l-v 4jjv^Lc CjI jiii" i rtjUjj 
(___>j-_U L_U I ilUa i3-u__. jlj? _;! _JI _U j _;_jj _l jjj jj» 4al_. _--L$JI 

(_L«Vl (j-« jj-—JI jjLill < iU _jL__ ,-.Uf i jjjj ___ <j_>JL_,1j 

j_ L_jj_. jjj I — _j_-j Ljj_a J_sL_Ilj 4jjU_j — _JI j»ljjVl _JaljL-3_ — i_l <__ 

CjUIjj-. <____. Ojj_w? ___JI -_L_JI _j.ii-». _JJ_'5 __-p. ,4jL__J.I j-uL L_jM_»JI 

Lj_wjJj__iII oj__ (___i 4_uL_ll _jjJ_JI _L>_ j__JI (jj> iry"- j U"i 1 1 jl >_jjL>__I 

jjj 4.«-lv J 4j*.j]jjj jL)T _;! _JJ (jjs 4"ij i^.ll L}L>JI _JJj Jla (__ 4 — «J__J.I 

.a__j ji ->lji *__? ,__ _jj___ji f> Mi7.11 <____ ijj-j 

(jUa j__Jl JtlJ^~i»V «Ijjjl t_ljA_a>* • 

"j_i__« _ljjl jL_lil _JI jjLJI La. jj j__j j (_X. _Jj-ej (_9__ojJI (»J__JI jl_ 
L>LiJI jLUj — _u -AjJLi La illjlj j^- _-3 4____i__,l 4jjjVl l_Mj_.jjs (jjs 

i.iji^ ^l _jLiLLaj__JI _ljj| j-ai.?j jj-i j_j ijjjJI Astrocytoma <u_--;?l 
,_J.I f ljjL 4jL_VI cjVL- (>« 4jUI ^ 40 _wo j__? Jii (_Jlj ._II L>L>. 

Lo-oj .(j_JI cljj La 4 ii U i « (__3 Ljj I ijSLo ijL^— - Jjwlj »U m J^-JJJ — j 

4jj___ JSLiu _-uL_>Jlj (j-j-jJI (j-JI — JJi _,- j»jjJI I j—» jj*-j '^- — L_V 
(_Ji IjJij ,4j (_cL___VI _}L_I j? 4__ (_>.Ijj>JI JjsLUI (_3 fr LU>U i_-L 
L>U. (-3 4jL___j (»jj_ Jj_jJI _3ljLg_i_VI ^ 4j >jl""ill (ĕjJaJI _i_ JJ__- 

.3jjL-_« 4_jL_ L>_- _33LI ji Jlir»M,nl _JI L!L_ ^jjj Ljs ,jtll 
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U.S. Food and ^uS^.I a_- J j--'_, 4jj__Vl "jl.l ,-■ 7b\ 3 j_jj lj_t 

jl_____L ^jj-ualll __L_ 2005 j>.L_JI __a Drug Administration (FDA) 
L,L>_. U ...t pVl J^j^jJlj^LtJI^Sjd ,1, ji-^l jjUl^ji j_>i 

l<U j j__4 ^Ls-jjj |»Jl__. — l_j i__j>- ^J-JI _)Lt-> J cr^ > <''i"->H Jjl J 

. I jjlr -1 .^stlj ,_£j_JL 4_^L_5^__J| LjL>JI ■ <»l ^j» _j_>JI 

^Uaj^Jt j$_J -_jj___ri i____J I -iul j_9 • 

<um — __> ___- ji_____.l Lo .4_j.1 ■> jjfc __9 LuujI — __« <____ __j-j La lj-_u_' 

f.\ <____ LajjjLij Nano Gold Particles 4jjjL_JI <___jJI (___I_l2j 

_Jj-_-U .(jj)j^UI (_jj_JI sUlr J_-I ( »j_'_>i Jl-j4j_9_>. .4jjlj_j__JI j»1jjVl ____ 
2008 j»L*JI __3 Ju__JI u t\Ui^a /jjj_u_ijjJI j_»j 4jmi>,1l ^^Ljjjjj^I J-o-"! 
l1)I ijj>. ( JijItjj ___ oj jo/il l „_j4>J l£JJ jj 1(3jI i.iII _^»JjjaVl (jjijjjJI (Jjjj (jja 

4jj_jJI l1)I iji-«.1l i-.Unjl jjjj .4jjL_>j _JI L>Aj>JL( ( l'M1(j-JL>JI L___jJI 

l-ojI _L_1I _j___> Jl« p -l>JL Lgj-c- J__ _U-— J L$jV lji_j (__il jLdJI p 

.<aJ — _JI LMjjJI (jjs ojj_ jjjj J__U <__ <__j-_j — lJI |»jjJI i^j.n'.! 4__4».jJ.I 

L^ljjl^jja j_-l^jj_---_ULi ___.«_, lijUjJl^jj) — lJ.1» Ijj-^JI 4_L_>VLj 

__JI 3 . . .i j .Nanoshell Particles 4jjj_J1 .-■!'<» t .^1 1 _jLjj>. ^1L____- 3jljj_J1 

. J__JI 4jjj_' 3jL__a A^Aj _jjJI __9J___II L$jj-jJ 

___ cLuj-jJI l_jL_jl__JI (>a 4jj_m i__j|j__!l ji (__a l_L_ 3__ _>-Jj 

_^JI j l( jl — __>L1 <_-__j_l _l Ju)/I L-jjisi (___JI 4jjj_JI jl jil -jklj jjjl (jja 
4 j 1 1 1 . 1 oljLwjilj olj_c*ll j < i~ i i ii U («i>lj_JI (jja (jL__jyi o_ln'i.iil _JjLa _> n< «*) 

SjjuljJLI 4___JI l_)Ljj__JL 4_4j_jJ.1 4o____J.I (_jL_jj_u_I1j 4_uJ_JI (J__j. _*l (____. 

.(jLajJI jlj. 4_jji_JI 4_l_-j JMi- oLL-j^l ■■-.< ! (__JI 

L_v__4-_^_ai-__ l |j_alliLL : ^ jj.n-tTt 

4jjjLJI .-<r«. t.-lt 4jjI jjjl j 4jJ_JI .-.I .U-.tl ^yj L*jl J Jj__AJI > ■ ■■ '■_■ 
^j-tjlj 4__sL>- ___>j 4j_L)j_aVl l_)L_jsL>JI i^J_-L Sjjlj 4jolf 4_j.jJuo Jj4>- _-J| 

(^^Ul_;j_____j 9 __l_.5j^__i j__Vl 4juoL>JI jlO (_-JI .Rice University 

4 jal«1 l (jjjljJLI (jjo JjJlc jj>-j _ys (*^-jJI _-Lc -JJjj . jjLJI Lj>.jJjj__ JLs_« 
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At-Ut <*-ll 

(_l| 4jx_.jJI __ilj__l jKiil ^jJ$.4___u JLselb 4__jiJ.I -_J.LJI 

Igmrt') ijuaUJLi 3j____M Naomi Halas (j-^U (-ajjLi /*jj ■■■.'"jj j 11 

KoL _JI 3jLa (j_ SjjjLi 4jjK l_Ljj_- jjjliej (jjs (_yj__jj! Lgjajjis t_a i " i <|" 

120j jjjjjpLj 100 tjo ^jljjj jLL__t cil j - Si0 2 (jjCjij-.-ti i^.-.ci ,_;_> - 

(j_._*L_ «j j ... ■ I * jj. | ll 5 Sjj Ut L_3j LlUjl^ 5 liA jj I Cj_sj__l CjLja». 
(j_ CjLjj_- 4_j1juJI <_- j_L~- <JJ_.— J J- — — J' (j^ 3 * La-J 

iiiitJa Amines cjL_j_>i J^_j>_ ijjj-- (j_- U_______i ^JLg <___JI Kjlj,„!l 

.Core_JL-JI ( «___l I jU-j y -» 5 .. — _(_>.j_-J| -U ...ti^ u.-.t 

Kjljmtl <_>Luj_J (jj>.jLiJI ~_<- uJI _, L. CjLjji» -M i i j i nj_ i__j ui (j.iKjJ 

Jol__Ilj i_il j_>.l (__1_ <_JL_JI 3_La __Ljj_- 3j__5 jr; in-».'i (__; J___> L>j! (_9 

__C <j__jjL 2 (__. L_jLL__i jL-jI jl_jj- V ___Jl 4jjj_-I <___jJI ol mj-_ 

_l_jj ^JJJJ^ L___j 4_L__ __) ju «LijSLa 3_l>.jL>JI Ij — U ...f ^Jx. , . ...j" 

(_IJ L^____ Jn-»j! <_u ■■■ j_JI 3uL_J 4_-l_J,l -uiajJI 3j__UI SjLjJj K_, u, 

4j _j_J>l - -_u__jjl £jjJ I - 4ji->jJI 4__J_JI J-_— J ._jlj_-jj_ 10 j__ 

4_L_JI CjUjjj __>l i,Vial (__, Kjlj...ll oLjjgjJ <_>.j__JI -J_____J1 _J_. 

. Cjlj_ajjLi 810 4_aJ_ jjjj (__>.j_ Jj— > Ju — — -_JI 4()->.jJ.I 4-uj__JI 
l_jjj>J ___j __£. _Lt jj (jj_u <4jjl_ jjl __il j__l j-u-_-j __ «Lpi _l jj_j 

4-»j i'<->j- |«J (_5_JI __5jjJI (jniiilj . ja . ->J L) L-jj_wj (j-)Lal i " 1 1 « i'i'i j .L-jljL_i 
' ■ ■ -j ~ ''■■j-- 4jjUoj__JI L)^L>JI (jja 3_L__JLl Jvl ■ _>■ VI L_l_jJjj_i j___>u . L_l__ 

Cjl .IJ.I-sJI L_JJ (j 1- _J JloJI _I_____VI L_Jj JLtJJ .l_)Ljj_>JI 3_u_> ^Uiii (__!_ 

l__jI j_) 4j_l jjj 3jL_JLI ^l ...->.S?I j»j_j l_jj>- il-)L_J,I 4j (jJLsejJ Jjl-»- a ^ 

4jL_J.I L>L>JI jck_-l CjLu-JI Jl__J . JLlUI 4_-L_ ^-Jl L_.L.jJJ _-L h _>JI 
.(5 - 9) J_L_JI (^ £__5j_ jjfc L»_ .L*j_i_ jjj .____ 

Jj__»j (jjs Jw_JI JL-JJ '(J-*l jl CjL-Lu '"iih J_— i) 4 Ijlg CjL_L_i JjJ-a JL» Jj 
Ijuj <(_jLLj__JI jJjJI jlSIjjo l_J_ (___ 4j_*jjIj___VI Ij_j__Ij_ (_!l __ll juLll a juk 
jjjj (_-»-J_ JjJ_l> »lj a-JI C_-J 4j__-'I CjL>.j_ _jja (_jj_o (__cL__l ja£ . Ujl , .." 
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-Ijjj V i l_l_v. 3j im^ ^jioj 3j__J _U_j i4jI mtl _>_L~Vl j ~- 1 _jIj_j«jj_i 810 

4n ; Ull 4_j_J.I 4jjjL_l (___jJI l_iLlij_l _>_>! — Jj-t-JJ -(JjL-J i-i}-! 

.<J j_->JI i-i-sj 4j___-Vl _>_• j-.LaJI . Ijjlir J_____U e«__JI 4_jj__J 4ja.jL»JI 

_jL>-j_ _-Uj_ ''"'J-- i4jjIj_- 5 aUo __!l L$J 4 m"<ill 4jjj>__JI 3 _U_JI Jj_eju 

UUj 4j__> _)«__ .4j4__ i>-jJ 42 ^sti __!} J__-J 4j».j_>JI L$a_t_ _i! 3jlj_- 

, j .'^»11 L$j i_jL__J,I -j'ilt»j ■II L^LiJI J£ — j j «" 1 1 jL>- _)l - _jjj>tjj _5j)--J 

S4-UI (___ 100 4_j__jc____j .J^-^Lt-j Uj-L-JLij 



ĕc-i_j L_j£i ^_e _«____• I »i_«Vl j_l_j «j-li __j|j_S a- ...ti Ju^jji ______•! 

ljL_>_ <-L_> _JU; 0^-11 in II j-« ljI i j i - j j o Vi jjih-N^itl _)L_*_ ___ j»lja . jl_»la 

j^^A^jLUI nil J-tA-!»j;(l)j--««j- 100_g---jJ- -jL-_-iLjljjj ji-^ 

_____■! __J_ Jljjh-JI ^aJl _iI_jj_ ljj__. jj i_-U_ -_i __li a_j ^lj) -____VI __J_ ___c 

2 _J_ L_ j__3i jLul jjjj V ^UI -il ,j ; >,H _1_5 _>LL_.VI _____! _ll> |C , I , ..itloL^a. 

_j| mj-nI 4 T ijk.jL>JI ____iVI _J_ «j nti-JI -jLjj-JliaSlj-jajlmtl (j__jĕjL__Ly.(__.)j_4_)jL 

20j> 2 _jjj IjC-i ■■■ _«Ij-j -! -j*j -)U i V> <_u_, __ic 4j nt»j Lcjjj _U_j < _j j -.» lc j'j ■■" 
»1 in-wiwL^jii^j Jj ii-»o J>U- J_i <u^__JI _iLfj_ll wlLl _____ _lt i j__jj) .(-) lj__-^j_ 

____]j _______^ ___j___ |, !,<___.« j-^" ( * jc.t.ti^a Y. «j^ jc*._l/- )«u-l->j_u LMjVJ2j___> 

LMSOI i^^^^^^^m^jj^j^l^ j)t jljjJIJ__ v »j^»L__>.Sfl 
_JJjj).^j__JI I j_> _-ljV« «L__-I^j a'ij ni Ta « oj o.n"» fW JSL-JI :j___tl) p__>JL«^Uflj__tl 
.(5_-lj vj->o _w« ,j--L_ «j __•_> U -i_« 


4jji_«JI _yujlj II ____5«_o _ru 4_uj _JI 4joli)l _jl __3__,l jVl JJ-JJ 

l_iI ij i-l _>_>L___aI d_jLSLal l_-_jj 4 _ilj_ (_^j-sj l_lj_l i<Aj)__ij>J,I I Jl^j 4 «"(jll 

>oaj .(j"-! 4jL_ (_j- L_a ____! («j5 L$J 4j^J_ lLiLjj-^ju ^jL-JI e j___J l_j _jjl 
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^UI-JrJI 

oLjjjJI jLLa^i 0 nnlrta J j.U"ij 4ua.jL>Jl 4ji_jJI 4_J_JI l_U _, jJj>J-J 

(^JI ^jjj l-_j>___ jLa ,i_^lju_l ^ 4jj>.jL>JI £jjJlU 3 — jjjSUI 4j^ajJI 

U , ,, (ji- S.ljii £— _ 4jllUj— . jj>j £ja J^LtiJI ^—l—, <— il .'J.i^JI 3jJ-9 «-Ljj 

Jia ^jj 4j"iVill « j_* i Jijkjj (j-c. Ljjjs _____!! (<_u _>? jj>jJI (j-»^ I jJ i jJ_»JI 
. juSJI j, (j^jJI Ji_ 1( <___>JI s L___i Lj>Lkj Sjj^-jJ.1 4jj__j__JI ___Lj_JI 



i(3jj>__II jL_u 4lit-r, a) 4 oj I nitl _;__JI LMiJ 4_sj>L_« («JJ>- x II jyj 4 iit-ii a) <ujL_>j 


LMiJI ,_lc Sj^j.jJ.1 J< MillAjjj-Jjl ijikII)* j rt»JjJ t . il iji-»JI ___I_S»j__j». 

J__JI jJ_jI) i\s__ll fL_>.Vlj A^jLiJI ln->hi„j L_j_l__>_ Jj_- ,__! (4_JiL_»j__JI 
_JI i-l , j i n tl -ILi J>-»j Jjj>^3._«^!<L>.j)__( _»j_>jj4j__J.I LjM>JIl-I lj~i,„Lj(0-5.. 

cr^ «jJj-I 4j ,_!>-> j-u-J. u-bj-J j»j>U ct*jL»JI jd___II ,_!_. .1 jhi lJ,*. 
i_u_9 (jj^JJI ^j— ii j-«|-j-jLj.j im«i 4j__lj>j clj o -sl l __«_ 4i -Stl __- _>L>j>_) jL__.Yl 
__M J_a_t L$Jjlj_- JjL>.j j j-o jJSjj U_ <U__YI l__j_^L___«Lj4j^._I l_uI__1I ljI^lj-- 
I«j)4ji_ L^L^_in;i"q,_iL-j.-JI j-jj>)l -Ja- _JI -jlj_»JI l-Jj 4j_- .ijj>_4 4j>jj 42 j>>_ 
.(-j_S_I l__ __tj>_ <lt-i mljp J__JI ij iii"ij pj nii-n 
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*-_.( 

p Ji.l_ 2_._ aMI II ^y, Ijj,. 4jjj__J| 4j __J| _1_ Jj».jj 

._3___VI ___. 4j___ J_L__ &\ .... „,j V 4j__JI l^U_ _>. .l^ii^l j_j 

_j (jLuj)H p _l-j 4j__.jJjjjJI Jol l_j_1 Jj» __l>u l-_-_JI jJ_ __ _l!jj 

__>.jJj-_j _JjJ__> j^_ I jj ,^ «i ih"iILi (jl»"") J_L__« _;? i ii^JL »Jj_».j l__j uu 

._)L__Vl l-Jo JL«-_ __3 JjVl ^«Jj_i j-u» 4j _j_L___j (_£jJI (jL__jL! 
_j-4 L&J_ Jjj__>JI J__ Ll_ L&JI jl — _JI JJ-—II _? __a (___ jJI .-— _-J 
4j'ill->j-_ Lj>v1__ -_— jj __,— II J-aLJI _lj__ ___J_. — jj_>->-? 3j___a 4jlm« — jIjL— i.1 

J_ol jj _f 4j«_L_JI 4_j}_JI ^_f j_Vl J}_. _-_ jJ_1UI _j__ (jl_ , L^jL__c1 ______ 

Jxfl ___Jj__.| 4jl n« « CjLIjj.- ^l, >ir*n hL 4 « $ 1,1 l-ijI -_r~l 1 1 ■___ ___3 j__Jj_|-_. «L—L-JI 

_jIjL*_-VI JJi Lj_ lj^_ U_j___ L_J__ j_ __!__, _j_jj .Jj^-JI <_. ^b^ 1 

.jj_Vl (__!_. ,jVl ,j_a _r_-li_ JUu J--JI (_1_- L-jlj-_J jh"it,l 4j^j____JI 

(_<-j-_JI *l jJIj j-LJI i___ 

l^jjji-i. JjIj-j 3jjj- 4l< M,a ,4__^^ _-)-JI __J-H 4___- ,__gj___tt »b JIUj 
^j! U_ , _jj>JI 4l_j 4__>L>JI 4jjI jjjl CjljLJJ 4_c_l_ _Djj ^ji-^l Jjlj 4_j_ 

* Ujl _j_^- ___ «I jJI I j^j cnjL-UI _l __? _L__I j 4i n ,„ll *Lj u .t,--. __JJ 

_____jjjJI l_u _JI j_ cljJI lj__ jut_j .____ljilj JL__Vl j__ 4__L>. .^JLJI 

Jjj__llj , L»L_ 74j20(jo^jU_.l^jlj_i l j_i_JI(j_JLJI j_t j__lJI (jlj__J 

jjj_ ___,_ dl_JI Ij-b^JjJJ .4jj__JI 4_ill ___J ^jKJI J.nnll _j_l j_s? _j_- JjVl 
4jL_>VI jJ__- (j-a i___L_u I — »_ ,L_J_JI ^ 5 jj-_- J-l — _oa (-11 (jW*-^* _—« 

__;_;< ...II «IjJI _j_ ^j_l I ju_ Ji<u$ .4j_.LsjJI _jI_> _Jlj 4jjj__JI —iLtjjJL 

4_>-jJI J>__ __»Ij_.I lSI 4 jlf j^__ V 4.1 l_iL_J.I (jl j>. .Sjjj- ijj____ 

(_JJ ^jjj U_ ,4_jL_J,I J~ ~* : ■ ^ .i"<j U LJL__ 1 jj ,4jL_,yi _j_, 3 j_JLI 
.->LJI jJ-bj 4j 5_.L__VI ___. 4jjj_LI 2llJL»JI j__I 4__L__. 
4JLt_JI _njV iVi1I_3_>_»jj-jJ(_j- Ijjj_ L»L4_jI jjLJI La.jJji_ji"i<i_)iiil jl_j 
j-jjl (j_ (__;j___JI «IjJL 4J_j5jJI cjLjjJI j-_»jj JjJ_>- (-1- 3j_— Jl 4_j_jJIj 
^jj-j j^j3(__JJIj_>___;j| j_j.frljJI(j_JjVl^j-II-jL^ 

.4 i^iriV'JI JJL-JI JjaL_fl_i__$jL__JI_^j'..iU(__Jcj_- 
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j_aVI .4JL-JL J--jJjJ.I (<uJ — _-JI «IjjJI L__-^j t __C(j_-»J\j-l.l -j-LL-jjja JLjjj La-a 
(<uJ--J ____. l__s_jV1 jVI mJj-^-jj • -_">L_J1 ,__3 4jjlt->'l 4j_ajJ1 Sji-JI j ■"<-><">_> jjl 
Ciit; 4 « <i , .-> a j (j^Jjjj-j^l ,__--_ (_£j_l>_> 4jjjlj CjLaxx (j-a 4__>j_e 4_uLj»j_> jj_J "-> 
J-j.1 (j-a l_L° jj (<____>JL -Oj^.jJ.1 -ujwjJjj ...■ill j_>-l j_»JI J£" jjj__ (____. "j_>Lfl (jj-o 
. 4j-_j-luJ 4JLl_ 3jj uaj 4_uljjJI j_j_jL__tJI (j_a 4JLl3 l_jLc.j->. (<U-— u 

Biosensors 4jj__a__ _jL_.L__>- j_ilu_j(^^b__JI lj_p.!(3i-»o j_9j 1 j__> 

jj_>jl_JI 4 j 1 11*1 (_gj~ i ii a ^--tSjL-- CjLual ii-»r'il (_gl *>jj"»J j « Mi*i i uj jji n->11 4_ufeL_Ls 
jjj. 4__j__ l __ L a 4jj_Ujj-£-La l_j*-*j — l-u_> (___3 l-jI — __L_-_>JI _d_j £___>jjj .(-jJL 

.(<Uii-»JL 4 " t-> i a (_jl g La ■ u f_,\c I _)" j i"i"i («jj -_-JJe-> <■ 'J^j-JI ,__-»! -»-» j nl i*I 

l-jUI i n->JI i ' i l"> j»J-_- j»jJL j j-ij I ii 1 1 __j" _Ljj__> jj-s-su j j___-»J I J_i-_j 

_>_ jJ-L ^jJI (>jjJ.L (jj-LiJI J-i-JI -_i_L_JI «__JJ 4__j_-- cjIjUJ JUjL 

l_jI — ml mi-»,1I ->Jl_> jjjJc-j l_JjL>_j (j*-M (_fj_><jj .(j-Jj -uJ*- 1 ! (j-« 4.1 j-w JJ—JI 

(j_-_>ij (j-Uj l_j^*1 (j-o 4_-j_>. (j-J_- (_$JJ_»_J 3j ji i/> l_jL1j_». -_dL_-u l_j j_5ej 

4_aJ*>U1 4__j_>JI j--__J ^j___-j (jlj_>JL Ji.Vi" 5_>->j J*>L>. (j-a in^ill J-_.lj 
4j (_ " _ -»"_> Ijj^-> *>Lal l-jjI ae-JI l-JJj -_L»u lJ^-^J .(_y-l im-sII _j-a jL-uJ *Lj 
•l-Sj**' 1 "^ *ljJL (J\jL__JLI j-_ jJI (j-a (jrjj*>UI L_>l-_a 

_Ljjj» JLt 1 3Ucj'V lj L-d-U I ,_,_.! j-a) 

(jj__JI (j-9 JjVl Jl_j_JI 4j-$j l_>j_3 __JJ 4jj _i_JI Jj-jOJ j-a (9— jJI <_-i- 

JjjjjJLIj jj-)*-*! (jj->-L^JI ___-* l-Jj-JI t j__>lj_al C-Jlj La-S '(jJj M'«Hj u?jL>JI 
(j! .L-ajjjai jj-aj .,oJ__JI Jj_->. CjLiljJI (jj. 4^UI (___J 50 j*j (j_j_ JjVl 
(__!_- (jjj*jJl (j-a l-jI i*ijt-> (jj-kJ (__JJ £->JJ L_J-_J I (j-3lj_«l «.IjJ (_, 1 iiJ*>jJI ' _ 1 j 1 ii*l" 

(j^>"'> _-JI lS^J. L*» 'f»-JJ 4J_)L_JI (jjjlj iUIj 4-i_-j>LJ 4-J->-ljJI (jlj-1 >JI 

Jj»->J.I j-jJI 4_L4_> (j-aj-j ^yJJ i^Jj— J La-> 1 _^lL__uj ^j-IJj^I l-1_j 4jjj_a _l 

4_ijlj_JL I jlaj >(9 ,,,-kJI f l_L___.! 4-> __jfj L*>L>. ,__J! Jjj-IjJI _j_ T m,<VL 

(____>. (jl ojt-j 4jljjJI j» J-tJ (J-3J a « .1 1 JljLaj . j»jJI J-_iu-o SjLj (__ic J aJ<J 

■ Ut l l-J-G jl j_____J r JU_ (__JJ 4jj_UI 4-u-ll- jJI i_.U-.Vl 4-Sj_-_a ^Jc jVI 

.ijjjajJI (j_ulj_i__]lj SjjjVI jlj__jlj 4j4j._l!I l-jI UI->JI k_jj-i_>. 
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»._J1Lt»l»-U 

(a£lj___!l 4jjjil 4\jjj->JI ljL l_V| JUJlskj __9 (jj-b-LJI Jj^,-». jVl j---j-Jj 

J}L>. _j-a __Jjj 4jj„_J1 4jC jVl jljJL-». (-__ 5 jj__»JI 4jl_jjl __I'.iU1I .'I I' 
L_3<L_>jII i>Lj_I _j1jjJl±J dj.ij '■»■11 -jIj__II i rjjUjj_-_- J «i'h~i d ii"i^ - i-_alj-i 
.-■U..,. i. -...-..jUI;.t l < l J .H- JJ -.l:ll.-. l , -: .-.l l,.l|-i<j.( - - ,Xl l.U|-;ll)-_ :3 -.l;ll 

<>jj Ijji-t j-Llo jL_>VI (j-_- (___j .(^) __|'.iUll ___j ^lj- jc j-Lil L-i ___II 

Molecular Beacon ,__ijj-«-l jLiL _ ^ ■ ■■' ^jjjjjJI __L__L_>JI j^ jjj_>. 

jjjls j_. jl — __iVI p — l_>. __II l^L_jl ^ oljiajjL 5 - 4(j_ l_.J_uil --jljjj 
djSljJJ jjJJ f»J__ i 1 u.-- i4jjjlj_ij <4*Mf jl _,_> 4t jl i„ j»jJI £-a j-r i"A i Lgj 4__L>- 

__LLjJI i>j__ J_L> («jjj i jjjkjJI i . m , ,ijj jc JjjjjJ.1 ^i mi-_L_,'ij->»1I ^j-JI j-lojJ 

j-aj S^ ') r>i i n->.11 "TjLi- 4_u__a 3j^>.l _--- (_L-t___ lIiI i ?-i ajj lLjIjI _ul JjjjJ- jc 

jjj-jjl ■ - .1 - ,U jjSu 4_i_LjjI£Ll4 J___jj L^_ji__ --JJJJ l_iL_j_>J| l__j 4j_)1j_- ^jj r*J 

_s_ji jL__jij juVi i_.___.Vi jujl*: i 4,101 l_U_j i4jjj.jjl 4j_.jVl jljJL"- _-_-■ 

. | j__ L^L-C 4jjL jc l_i_Ll>JI l_Uj 4_lL_V 4__LjI l-_*j 

___ Ij-jj^ I *1 $■■■[ 4\;Ujj_>JI __ljLil CjI l-I ..y ^ __j j? __>jll jjsj 

jljil Jlj.I -kj j 4 jjjLll -_. .UTI j-i_)| "i-1l jl j a l-i1.ij.i-_ p j -i . V. j _____j 

___=. 4___l j_il jjJ-jJI '-■' -;U 4jljV Lfral__y. ,„l ,__-*j (__JI <j_liaj<>ll 

J___jJI (__- j-____JI (_£jjj l__3j_i_,J . jrjjlj __J1 jlj__>J «Lii-ljJI -Jo __VI 

_>_>L>Jl tljjJI 4__L__> ___ 3j-u£ 3j__L- _jl__>.l __JI _>-»jil C)Lii-»J ___jj_>JI 

£-j__j 4j.iU1I jj_,L__JI j-a JJLC "__L__> rui i.".j-r.i i Lgjjl jlj jj__jjl 4 IljL 

ii_lL-u J< 4JL>J I l_j ,l____>jj i~,j--.i i 1^_jJLl_j I ^"'IjJ. 1 *- f'Le--l _- ^ 

4_Jl__j .4jjjj-dl __UjIj_1, J--l_ jjJ-jJI (<-^lj-J S-j __il _,ij->.1l -Jjlinllj 

JjcjJ ic J_>-jII jL__JI» ^jjjiia _, inj-jj l-_j — ___ lf «j j-«j .oj_s_-j 4 jt ml l 
. _)__jj_« J_^ 4JL>J L__J 4jj_jjj 4 <ij«i i<-»- ,ajj (jjjJI «(j^-jLiJI jL__JI» 4__e-a 
jj_J _K>J_- Jji-J __—JI 4_l_I jJlj 4_jj_J,l -_;___jJ1 Jj__4-»JI jLlol (___ _j 
__J1 (jjjj: _-— lllj djj.ajJI j_jlj — _Jlj 4jcjV1 J_-Ij 4__jj-ajJI _jl — L__L>J 1 
-Jjjjjjl -jljjt miII jljL__jlj 4__.Lil 4jil'1l _LiLajVl -_VL>. -JjJLs. j_oLi-_a 

Fibrin jjjj-JI J-aL-UI __i_. 5jj_j -jjjL __1 iji-_ i-nin^ .SjjJI J_-Ij 

.4jj_jJI '''IU1-.11 u i.m^jJI jj_J.1 JLiJ L$j-'j ("- L 'L | «r 1 ' 1 - ' 
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iUjjLJl k____fl -jULc j 

~J_- _>_> jju i_i!_j .CjUUjJL __« — -jj U j-lj_W_ — _J __JJ _)j>_-lj_>JI l_tL 

tjjj Jj>__j_J._Jlj4ji>.ljJI UjIjJlj- __-_ JjjMnUjJI Cjl njUI j «~i ,„U ^--Ij-Jl 

3j ji m i_ujljl _>_; 3jLc CjULcjJI ___jj ir* —j ■ ■■^ 1 ; J-»-*--' j---'' (jLjj i-u 

3jjj__j i_il inU _jLj__J1 ___ i-j-jJ <3j_- Cjljia (j_» 4c j____s J___J I - j »ljU . 

__U___JI __]_ _J _-!j 4_.L_.VL ,>« <- jJI jjj-*j -« ,nj L__ .4__>1_ 

Hjjjlj — ___ -_J_JjJI jljJL-JI _-lc ^jj-kjjl CjUJ. (_-ljJ jjJ Jj_*_ 4jji_]l 
(_CjJI _---j .4_L>.|jJI I w tUiiiV 3jJj_w 3tt iii')I *U> (jja (jrtjlj__JI _)--4J U_> 
Ji_« i_jUL_ jJI liilj j-l.t VimiI ___£. i-_jj_J __itl J-l _-U (j-a JjJuJI Jj_w j (jja 

jL^jJI (j---j ___ J___y L-jJ___l ,jL_ i--L)j_ jl 4__i>. jl 1|»jJLi cjj-j __jj__ 
__lc («-«Ijjj Ljjj LjjSU .4__il_ 3jjj--j L^LojLLoj 4jji_JI i-LcjJI 3_U __cLil 
UUIjjj-jJl _,Lj__. (Jj-. m-ILJLj _,Lj___J «JiJjJI _,IjJ-»JI 

4jl«f Jji=_ -L-ejj 3j-ij£ 4_j_kL__a jjUII U>jjj___, i~m itil _u __9j 

cjU.Ui cjUUjJI ^Lt -_____! 4,Ur. Jj-i. (j_, , J_U_i1 __J_ __lc i.j;-ii 

4jjjUII (jjjj__)l < ijjL! i nUjj L_sj| .i__IjJ>jjJI (j_a ______J| 4 iij^j 4jjjL 

lj__ .4_l_ilj 4jjjil (___ 4_i_____>l eL__4J -^_o_J t _-JI CjULcjJI --L_jl _____ 

. L4J ^,„-«.11 __3 __cLil jL>>JI 4_ojL_l_ j_J_. __JJ 4_sL__yLi 

(VPi>^|jLjj->_S-JI^-u_<j^ jjLUl U»jJ>_S_i 

_)j__l 1 ju_ 4jIjlj_, — « __lj-l Cjlji inll JM_- Cj_sj _JI _>__*j Cj j_>.I 

4j___JI ji_J 4jjjL_l __l__j±pJI ____ 3 j-jiU 4j«U1l -_L__-j - I (j_. jl_jJ_JI 
4___icil ^ljj-l J__J _JJJ_JI 4_ajL_ua JU__ ___ 4njUj- 4jj_Lol mJJLo 4_SjjJ, 

CjI jj i-iJI _jl (__JI -L-UiJI cjjLiil j_sj .cjI i_ijjj_JIj 3jL__JI LjjjSLJI (j_i 

Ljj__-JI (j-a 3_J__U ^l jj| Jl_ ____ 4____J_a 3jJ_S UJ 4___iJI ji_J 4jjj_JI 
i_jUu_«JI __Jj ja____j (jl __lj *-»-JJ -JJ_J i(_J-lj-»Jlj oL_jJj_i_JIj 3jL_JI 
jcJ___, 4__l — i__o (.i Sj-jj-" 3_Lj __ic J_wlj Cjlj__ijjL 5 (jc J__ jL___l (__Jj 
_JjJ jJjjj i-Ja -Jl 4_-L__a SjLjj ,j ■ — II jL__3l _)___Lj ^aj <__Ljj_-JI 
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»_UIL» *!»_£. 

- t tl ,__JJ 3j_fc$jl ,__fl 3__j\jJI CjI mi-sII l-Jj Sjj.j.jJtl 3 inMI j .nir l_jIj_ 

.<__jU*_CJ! UJ-.I ij <__fl 3j-j_l_ SjLj (__JI _J_j_ j U-« .oU__i----! L3 __>.jL>JI 

tjj^") ._-UjJ 3_*j_jj ._$j_>JI *ljgJI <j-a-ji.i^j j_« L^JjcLaj ___) SjLjj _-Uj_ij 
. __iL_-iJ_^_l-JIj ^a-jj(j_>JI (_J-_3 (j_- 5 tjj . .. - <jj__» (_-JI 3-aU-JI 4 inntl CjLjjI 

3j^>. Vl 4-cLLl_. (____ 3 m.n^t-ill 3_ij^_CJI __l_j__JI _;.->.! l_jj___-I Jlaj 

3__J_j Ji-I jJI (j-c SLU-J.! 3_Jj__U lZjUM_JI jiiiim ,3 r} jjj__JVI j S-uj^S.! 
-JJjj i -~>-JJ J_S (_-_JI ja-ulj_>Jlj L^_u_v_JI J_fl i *Mfl.) 4____aJI jjii (j-a 4_o_l3j 
_gJL>.J ___a-_ -jjj-" .^gj u< ill <_jjJ_J! j-a 3J_,j__>-J.| -U_J_»Vl 3_,U_- Js.|,j-a 

j\lfl (j-a 4jjjL i_j.L_jJl J-_->JJ .4_>j_-._'l 3_cU__- <___ 4 .,-> n->Vi tl l_>1£j _JI 

<jja Ljjj".^..llj j-jj-ll __LjjJ__J <*__« J ->.| (j-a i_JJ_j 4t I j_>JI (J->-l Jlj 4 __v_JI 

<__-__jJ. 3j-iJ_i 4ja /bl J-uII I j_* Jj-4JJ -*l j->JI *lj-ijl 3j__9 eL-jl <__fl j — c-JI 

l_jLL^_JVIj __l >j_a-JI (j_a 3_«-i!.. 3jj ___j (jjjLu <jj-JI «lSj-^ -Jl *IjJI 

3-a-o.J l__-Ij_- __JI (J-iJJ JL9 (_--JI 4_jj_pSLJI (JjJuJL 4_>U_>yi £-i->_ ,j-JL_JL 
.j-jL-JL Ljjjiir l-jjJL>- <__fl J"i «".") 

<-U-~_M J-i^ (__-3 3 «_i V". i n U 4 j ij-iLjJI l_jL_JI <_>-_-u J->-i U Ijjj->j 

Jol j_j |__;i -_la > ^.>j) <_U_J 4____JI <jj» l-sLJL) !^<ij<U") <«j J fl tjj *Jlj 

<j_a -jl 3U « ______ _Jjj->«J Jjlj — f J -* J — "Aj! 'OJ-^' l>* L^J-I-- 9 _ji iSj S^) 

j" iMjtjJI j jLl___Vl 3_>JL_~: (___. 3__.l jJI j jj- 4jjjLUI 3 ____JI L_jUti>. 

.(^) _._...;llj Jj-iJI 3-_ I "i m (___) 3 ^ i ^-". . ., 1 1 3_*___jVl (j-a I i *j j 
^jJjjjjLJl 

C__-> jjLUI L_»-jJjjSLj L-jl iijjU") _j£. 3j_L-5L_*_i3 JL*_) MjJ-9 (j-j-^j Jj l"l 

i_$jl>.L 1985 ^L-jJI jj". ,,1-^Uil u "i ...Ijj 3i3. j_« J>li- l d -.jM" _Lfl 
20 j*-j jojLJI _dJ j J^ U ^-JJ 3 j£\ jJI li_-j».jj . 3_jjLLJI L_jUaUJI 

4 j^_j_aVI I o ij , ,i 1 1 |-^Lfli J-S-L~i J->l 3j__.UJI (___. Lij l-JJ-3>I -L (jA-v >4_L-_ 

J__>.V ^jJI jli>.jJI (j£i («J .«Fantastic Voyage 3___JU>Jl 3_U.jJI» j *j 

lJJ jl 3_JU>JI 3j_C-UI l-JJjj jjLJI L-Ja 3_a -__fl (j_-j _L_j!jJI 4_il j__!l I j_* 

4_L_j-a ljj_u L-l (j_->.lj_>JI (j_a Jjj_fl Jj>- 4jljL>.i l_jj!j ^jJI ijaJ_L_JI __JJ j 
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(<jju* (jj. La ( __JI i ____ (__>J < l_ Krf-ijl"n f_i ^jjjej ~L__lj£. 4 — lu_ _____ 

4jjjj! -Lo -_ i (j_>j_J ___£ .(j^Jjil f > , ,,-> ■ ^Jj __l_of <«_ ,4jJjWJI 

4-a«_L« IJljj >l_U j Jiicj • j-LLi L_-L_jjj (__JJ 4jLj__)I [_-3 Jjj-J (____- >4_Lij — _,j 

)4j i_$jjO iKI-».* 4jljJ (__3 ,(_^1_<__I 4 , I U , (__j~ I jjjJ I (__jj__II gl i<-ir I 
(_yjjl 4j_=jjL_!I 3j__5_»J.Li l^r .1 la jjLj ____ 4jI jjjl -JJj SjSjJ __1_jjj 

i_jVI — (ji i 'j' a jjLijjj jj , "j^jj jJI j jj _JI (__jSj_msV| *L_j_L_ll («JLc L_L_Jl 
4j_IjJI j_*__ juG^Ij. 1959 ^L«JI ,___-jjl_JI Lj^jJ^jjJiJ^jjJI 

.(__j_m_-JIj __._L>JI (jjJill ^jljJ Cjj ___II J-LiJI lj-»- jjj___ A -\*\ 


<__.__) j^itl-^jujPLJJ L^l^litSL^^^ljJI JjL^l^jj(6-9)J< .t. T t 
-__a$J U__j •^-J^-l-i !__)--.»-_■ pjjjj ,_;____>• Jl. rtM ~Jl>H eUji ,j_a m - 

j_-j- l |^'i ii _i L--i-- ^ iin i m i.-j.---I __Jj_j _>i>JJ}; JJLUI u-«>>l Lcj^j ^lii , „1 1 J___JI 
__u_J_ _____ - ii-» ., „_ i _i_j- |___*JLi L- >_-_! AjjL-tl CU-iju^j-JI -u-l __JJ -U*_J>->i Jj__- 

I1l_J i-__>L>JI («__»JI bMi. -JJj-i jjLu jl j^J j_- .4_JU; iLa-ujjwJJI j-» --uii _jMJ_) 

.(wvw.foresight.org :j_i__ji j___ji) .^jM^iji 
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pL? 4jIjj 5 >SLa jj.n^lLi CjjjuII (^^cJjJI JLiiJI {y> («jLjJI (j—LtJ 

4juajjji 4jJi ,_£jj (jjjjjS" L«L«jj»>Ij Vj i4 CijLa. JL3 LjjLs .<»4jJLiJI 4 l-».jj|» 
.SjSLiJI 3L£L_»AJ ^ic IjjSLjLa .Cil — K-i.nT-'!! j-jju». <J — «JjJI (>o 

jl jll CiVL*ui SJJjisj 4jilj CjbejS/ ^LtLa £jj\x <«jJ_j J}L>. (j* _Ujj 

LjjwjJjjSj .Advanced Materials 4j»j_lU jljJ.1 : Ji« 4jjj_JI i_L3.jJj__JIj 

4jjj^£ 4__j I £—i I ^JSi 4.«J--c" _LI _Ljjjj>JI 4_l__j ^Lijj .4ji^l>. — j_jL_l 

Micro-Electrical-Mechanical ^jj "«jjSLJJ (j_uji .»11 lf 4jSLijlSLtaj 
Nano-Electrical-Mechanical Systems (_<;j_«jjLJIa .Systems (MEMS) 
J__, „,„ _____« Jy\ 4j> jjjG ^jdl c_jJI (> I j_ . (NEMS) 

jjLJI - 4jjj_ll CjL_I jjjl __ JLi-jJ < . SSl.', „ 3j__« CjLkjjjLjjjj. — jjo 

.^j^iJI p m.-hII Ji.1 j (jJJ - Nanobots (j_jj jjLJI ji Nanorobots _ jjjj 
Coating _>j}L_ («ii_ J_ . Lj>_ Antibodies SjL_J.I .,i-».Vl __j/i (j_j 
(jU.nl p .,.-».11 Ij^jJ^jjj jaljjj Nanolayer i<u .",.11 iu»j_ ol a.Ui 

J_ i^-.,..l £jl_,l Cj_j_JI __ ''U £jj j_ Laj SLgJ 4jUjL_« ,»J_ 

(jja r« ,,i->< II Lj^L> — jL_lij oLluJj-l_I i , ii <"» I 4jjjLJI oLjjjjjJI __ |»j ■ ■■ 
4jjjLj 4jjjj__l 4j— Jj .", (_yjjz 4j_iL>. J^aljJ J->^J (jyj— ' O^- L fcjj_ — _u J5L>. 

(jjs LjjIjIj Ltjl i ii a ^ys («___Jlj L^jj>.jj (<i"n , n J_ ,»! Sl jjlr ojjj Nanochip 
jim.ijLmi jjk^! jj£Vl Jlj^ltjSUjS^tS^lSj^-iaU ,,,Ijj;tjL>JI 
.,«_i_>JI (j^ l4>-lji.l Sjiij^ (j£.j L^oLf« (j-« »L^jjVI jju 4jjjLJI oLSjJLl _1_ 
<_,!— j .4_j__Uj4jv$J.I 4joUII cjI <___J.ljoljlj_JI (jji jjjSLIIj jj—JI _JL_ 

ijLu».VI(jjaj^(^4j3jjJ.I j»J_J L^al lU inlj oL_^L_U — llj^jjt-. («jLjJI 
. 2025 ^L*JI Jjj_ Oj-ijj jjLJI (jjs Jj^/I Jjj>JI ^jiaJ (jl jJilUI (jja 4jLfl 
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3jTlr-|tl iJI__JI _)! ___ i'l._. <__ ,J_iJ 

Ij _L~ UoLjjI J—jJj- J j_) _;V "_-L_)l 

_,L_ 4jlr j .«Ij c. _, a 4jjL_o I o *__ 

__L_jj_ijJ.I _>— _ j j* «j sl__JI £j i_j_ 

JaVl ,>_ - J_Pj_ ,___l _^__! j_TVl 
- jjLUI 

4jL_ jJI j ■ - ■ _*l--.t l _. 

J__1 _,! _, — *j ^ljji-C L^JjljOj ____JI 
_aL__j (jjJj .pjl 1 11II 1 n-*i!l ___ jl 1 11 II 
ctjj^UI ____« _,! . ( <uj_-_l __ L_II _____ 
jui! _jj— j '<x~L-l JjjJI i_ij_ — _ __« 
lj_j .clj «Jl j-iljJ j»J c. jj>j jl «U 

_H° J--1 (j! (_J_ (jl LjJ J»__U j _j__>J.I ^jJI J — seJJI u__ I — 

__-L_l <_!__! _> JL___Vl _)L_j ______ ^ 

«l^j) ^i^LjII _| 

j_ljj {-_-__-_ *l j-JI uJ! Cr-^-H 


j—iUI L 

j__ j-_-UI J___JI 
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j f l|'i«tt SjJ-j Ji-_ < I j_> (jja ;tl ^yi—j • i - r >j 4_JL__JI «LJLI 

1 _J < * 2 ij~-j __ .1 . ■■ jl_T __!l _J <_> jLj i_"-JJ 4_JLj 3jjj_i- L__ul _,— - .«tll 

.(jLmijVI 

LjjJjj^I LjL___JI (*_!_>«-_- 5 — «k^JLI 5j.;_tl ,jju»o*L>. j_i_ <lj_J 
.'II-kiI «_j..~.ll L>.jJj__JI _L_ (jl __L>. ^U'aVI J£ jjLUI I j>jJj_-i 

_«~ i(_Jjl jJJI |_iy>Vl jj-JJJ 2 _J_JLI Ll ,ri~ll J_« ____ lZjIjJ — 5Jlj C_lj_Vl 

Jia .«LcljjJI ^l Wi (___ <U,iVl . ..1,1 cjL».jJj___II jjjJ— ij jjJ" JM — »■ 

Jjj_.L>JLI *_—-—! ___. L$jjJ_ _— -jj 4j_.IjjJI 5 — jjjJI 4_jji,-i - __ — ,__•_ 
_ jr .V. ^'« j_Vl jJLj J^lj_LI f L__VI Ij^J jl- jLflJ.4nllVl,lL-ij_L>Jlj 

o^baL. 4j__JI _>l j jl 4„-.„-,_-LI _jL_j___JI <j_ 4£j— i 600 _>_ ji_i 
_,VL-UI *j_ J_J_ ^ jUT, ,„VI ^ 4j_lj_JI jljJLI _j__-j _-j_l jjJI 

Sj___.l _jLjVjJI JIcjj .4-„M-.j(jl .„'iVI (j_?j 4____j 4j_JjjJ,l 4jjj-JI 

, njhj3 c_Vl_»_« ,_Js SjjI jJI JjjJI (j____tl ,«5 (jLjLjJI LjjJjj 4j_jj_VI 
L__^L_OJ 4jjlj_JI Lll I t-'mLI » j'..^'j _1 jjJI <___ jjLJI I__l>.jJj___ 

j:>u.____ iooo (>- jiJtoJi l_i_j_ji „j_ jj_jj_j(ji jj«_ijjij_ 

.ji_Vl 4L_;i <_>_J1 _,lj__il 
s )__ijjj_Ti L*_J>__ 

<_JjjJLI «L44II «GjJljJI oL«LiJ__I (__l J_-l 1 L4JJJJWJ 1 _"< ojg _-JJ 4jjI j_JI 
j-o 4_jI__-j 4_o>L_j jl _JjL! 4jt ./-»11 4jL_jJI JLsc_j Ij <_L_ UoLjjjI 

jl __jjUI (j.aj.^L-JI JjL_ «ljIj ,V(j_4_>.-ll j_.L_JLIj ( __lj_Vl 
j__ . <\jjj_1I I '.' ", U ; * ^ i3j_J_>J| «LiJ_J| L_j_T J__i 5K n,l,l aj_> _,--—- 

jlj_l j-o «U_jj_ _i_fl (__lL_ (jl _JI < _J jJ 4jjI jULI 4jjI jjJI _)l jbJI <_ji 
L_o <«L_j_LI «U__Jlj (jjjJI SjLij (j-o <jL_c _M < <il',V o (_,_ <4jjjj_I _jj« <~, 
i»jjl _____> ^LojjIj <_;j__JI J Jlj _ruL__II 4j__j (Ja 4njVa SjLj (jJJ _;jii 

.jjJSJIj Jlj_ llj <_rulj_Jlj 1 ilrtll 4___>j 4-o^l l_ _,_ L_Jj jjjL-J <j_jJI 

4l< ,i,tUj_ J-A", ,„- Jj.4jjj-JI lnfltii.JlJ-i. < , in -rM Vj— -V'j 
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*tilf$ L»»l*_i 

«-j iii 11 3L>JI ^Lijj — L > ~ < J"^- .4jjjjJI — 1 t 1,1 _jja j — jjS> ^jjs jljjjj 

4jjI j_ LjljLc ^LjjI j Jjj"'^1I o-U-y ^** 4 .j-__U (jl _>}_ Lacjjj 

.4jJ_!l 4jjIj_J1 CjIjj— Jl Olj 4juj_JI _Lu>.jJI JjLjj Jl_3 .3jL_ 

. 3» imiII ,jj_jJL "uiiJI 
(3) Nanofood«_ i ;ji_l JjL-l»^IU,r,a f .lj___l Sj-p.Vl 4ijVl Jz j_ 

__e_U «Ltwuil _jlj J_J .5jci.lir*iiiiU 4Jl_ iil CjjjUuj <4jjjjjJI LjL». 

Ju_ _ljL_ 4j».jL>JI Lg— _ Ij I j"H«« >_ JJ— j ^jjJI 4jjI juJi _}L«3JIj 

_>_JI (jja Ijjj^ JjSj Uv« .ii jjLJI L>-jJjJ_ — I jin">» 4i_ — IjJ CjujI bjiL> 

__J (J^kt— > _i5 ^l 4jjlj_l jlj_Uj jJjJJI j^jj ^ 4.^ii^ViU 4_jjL«_l 

.3jjj>-j 3jjj) j-La .— . LLa 1 — I I j_ .'r>? J_j . I gj 4j_L>. _>-_l _l sejjII 

.4l__H ujuk _j_v .(__L_ j — _JI jj> 4j_uj_ _)__ sLjJlj JaVl 4jjjju 

i_)j_j-a _jl__ _ru £ _*j _;jjl (_y— — — I tl j_l JjLjj JLsta _,£■ _|l ojjkJI 

JL— >lj JJJ*J1 jljJ.1 Ji— nj>*-' *-*■ — 3 ' j' ^tH'— 1 jljJ» (j^jaljJJ V . I dj'"! 

.«jjlj—JI LjjjIjjuj «Lj- 1 (jjj|flV)tj .Ljjj 4jjI jjjl jj^LjjJI jjsljJ 

.— J— JjJlsJI -. 1J__JI 1j_ L-ijj_ _JI J — aJU (jl Ijiill (jj» 4 — LJj 

4-uJ_JI _L_tik_J1 ^—ji.L-aj 4jjj_1 |_»_l £ _J_ __jJl>JIj 

-Jj_ jl i^_i elj_ (_gl (jJjjLJI s I j iJL — __j . «iLjj _l }L 4jjwjJjjjJIj 

.41j_>_ jl ajj^>uj .4 — -Ijjj 4 __II i4j>.L_1 Jj>-Ijjo (jji 4_>j_3 _;? ___ 

--11 I j_ C—J — jJ_J .4_jjjJ.I jjLJI Lo.jJj_u _Ll_j »1 w". ...1. 
Jla .4jjiL jl j__a _jjs 4jj_« __L_I _— Jx 4jj_J.I 4j j_ Vl __ I _ji 

,...<llj _jjj| j . JljJoJI (jjs SjjkJI 4jj_JI jj— I _0 SjjjLJI _l mi~I 
_jjj (jj> 4jJ_ _IjjSjj 4jj_J.I 4jjjLJI >»1 ujl _l j 4j^}Lu>JI 

.L^4^L_il_Ujjjyi jlj^jOmegaSaS Ujj»jVi» 5jj^_JI _U-Vl 
.Q10 « 10jj_I» J!_ j_uj 5*L_j _Lujjyi __ Ji4 _S (>l J*_ (^l 

^JojjjJljJlj ljiVL _-LlU 4jj>.jJjj_JI _L_a_JI _Jj j_ J_>j J_ijj 

2.6 jj—j _js;j .jjJ/) 700 _j__ jJ_i ^JI 2006 r _JI ^ f I j_l j-LJ-u 
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.(2010) r UJI lju_ J^U -.LlJU ___; jljjj _,t <__*>jh_j ' (3) jVjj jL^L» 
4___f(l - 10) J i __^l a __H_.- (4) jX.oM^ 20.4 j--. _-Jl J ,,v.l 
LjUc iJTj .4_ul_J_l __L*__U Jb__ _,_ <L»jV'm,iU SjjjLJI jIjJJ 

_ r v,n -„.'.i ._<i .-.^r.iij^^.i;!'..! .(1 _ 10) Jjj_kJI 


-jjjLJl __atJ*_3LJ' 


-__-fj_iaj > j__i _t__j £»__'_'___•! 


.L«.l1» jL-^IJI^I^-G,-!! 
^_a L^ijj__i j__a < 'nc I i - ij I — 4j> 
J*_j I j_>_ .ijjl-jjl ,__>! — __ul 
j L_ -jUjjI j_->-j _>>L___I _J_ 
_1_ |»J-JJ • I — _n — ^Jj-U^JI 
_jlj__va jjjj Sjj___,l _jl_jj_l 

__!_. __J__ 5jj_JI iJLc Sj____l 

___^___'!_£__*-j' 1 


...... ! 

Cjl MJ - l__ I_U 4jJJj_W J£l JJ- j 

^ij.,j<ti.^ J _ji3j-_-.oj^4jjj_ i _j>L_ai 

._jlj__jjL 5 _, II 1 _>_ I _jl__3l j 



^.lll _jL_=_/_l £_____ _j 

3 j j_ ,_____.! j__JI J>L_ oujj».l 

^'ft-jj'.l 'M _ , '-■Ul.-ti' . . . ^_ t _ _M 

__JJ -U i.ii ___1_. 
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d"rl.j,_» S-L-tj el__j"l Sjjj |*£__T1 

(__ <Laoitj _JJ 4_j_jJI cjljiij-ill j j_j_JI (__ ___ J_L$JI |-j__JI _L__ 

(44— _JI L$J (_^j3j>JIj j — II _ j1 —I I __. «jUI __» Iji- _*jj>jj __j_>jj 

jjj_> __. _Lljj t3jj_i_l __- 4jl->-ljJl ___j__J 4jjjl_l 4jjjJI 4tj.Ul Jjja- 

_LjjS[ mjj^jaj 4jjjj__ _l _)ljj_ _jj_Jtl __ 4jjJ_sJ1 (Jl_t>. _l __ — JJajJ 

ij_ _j_JJ . 4jjI J_ll jIj II ,j_lji. (_^u_ij _uj_jj __lj__l _,_ 4jj jjl 3j — III 

_Ujj <4j __ _ 1 _«jii<Vi _iLL_ __3 SJjJl». _ _l ~i_> _JI (4^_JI I j_ _T-I Jl__ 
jljll — Ljj)j>. i-u-j- __- 5J_-I_JI _lj Ll —iljj i-ujjj^-S (___UI jjjJ- _. 

4_i_j __a L^JLsol _-»>»j -^J^ 'J 1 ^ 5j_Li_I j__L_. jLj_-l j 4 — jjI jjJI 

Ijj_-! C_sl_ J_J ■ ! j — - . L_a 4jjI j_!l 4l»j_j 4jjjj». _— 3j _--pJ U- ■*! j — «Jl 
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j»j_-ill 4_j__J £l—_jj <_-"* * inirt>'U 4jjliVl ullSj _JI --IjjJ-' (j_ *J__>.lj 

_J_. L__U__i jLul Jjjj V 4jjj__ '*'!;;;- -_L_L__J jKjjI ,_-_ ■ -fc_,_--t I 
___- _$J__- . I Jl>- " J J«"i _jVj_uj_ 4_jj_ ___- 0.9---' l_L-__-,--_ l___.__l.30 
_— ij _>-- j 1 1 i_J___j_il 0 _L_b (^J l__L__j t((__sj CjLjjj-L_j_I Jjja 4jjI j_L Cj^ 
_>___lj i*inhj i 'lll-ij . ^yjl jjJI _-uil j^jlL» jl (jjl j j-J— ij i4jjI JjlII 1 o j «I 
V (_-_Jlj i4__>j_l>JI ^jJStiJI -_>!--* U 4___>L_- jlj_»£? 4ioVl 4j__kjJI ,j__U-_. S _'l 

Laj_i__j ciiLaL^yi .'11* -■ ■ •-»*■ ...~_t . ~i j-r- i_» J_iL__ _;i LjJjLj _l_c i__j __j 

JJJJ -.J-J «"_*- i4_>j__-JI |»J "— Jl -_f i___ _LI_-_ <_s jL-Lj 4__jjjL_I jI j__U 

. 4jljji lLiLj 4_>jJ (jj- L_Uj__| .»*'. 1 lt 4jjlj_JI - -;*.H »u_j __9 __ ■ ■ 

_.j--Vl 2J_.j__>JI 4__j___V_i (j-JaLLaJI J-Lij *_-_>! __Kj _j (j-J-L-oj 

-__ i -.LtJaJI -Jjs _j_a I jjv 41jmo i__ i__ __L_ __ji_- <-— >L>. _ljji £— jj __!j 

<___iU ^jlsJU _jl_ 4jJlj1___JI _lj_Vl 4j _!____ LijjJI 4 — -_-i (JljJ.L -4__i___ 
_1jjjJ_> (j_s 4jjj1jJI i_jLjj_>JI _>_-iJ___- jji__j (ji (_JI __J_ £_x.jjj . jl — jjlU 

i__lj_UjjLj 10 j__j __!! L__L___i jLul J___3 w *-_ (j-L__JI _J_) j-jjjj_-_JI 

______ ___wjL>JI -rUinll _>___>_ __-JI La-tLa — __5 4_wl — __- SjLj __)] (jJJjJ 

.-jIm.^11 uJi-J -JLU Jl jJL 4 ,„l„._l SjLj __ll ^jjj L__ l( *_JI J_-Iju 

.f,. l Vi„ i U -Jil >J-j-i (_-jj* (j-« {<--_-' __J-*- 
(___ 4 « l-r", „iU ij^ 1.1II __Li___- |-_-__.l jtiin' .4 , 11 ni i_jjJ L_Vl ^LpLj 

^ljji-rL-jl lJjj^j _JJ_j . jl_- __jji __ll .SL-Jlj 4__j___JI cjLjL-JI 4_.Ll__> 

(jj_ujj (jjjJI — 1-Jji __> ji J^> -J' _r _ - 3 J- a -r 1 jj |_Tj_-«JI (jja 4__>L>. 

. 4_____ 4jjlj__ -^jiljj 

Lcljji Ljjjl (___ 4_.j__>JI 4jj__Vl 4_.L___> ___>j _j _;j__! ,j^l _-"-j 

_;ji-_ -_j--j .Mayonnaise j\jjjjLU _jL i_jj__U 4___i__JI (j_« 4__L>. 

(j-slj-JL) L^L-->.| j. — a i4j__sjJI jlj — Uj —JjjJJI (j_s 4 Li_ 4j __j (__!_. 

ilj__ jcjjj .jljjlj (jjJJI .j-lj_JI .(_)_; i_JI ___ 4l',_',U ij\jjjjL_it 4jJlj1__JI 

*ULI &a cjI jI_-j j-jjjj-U (_JI -_.L__JI ojjJI c_l jJ__5 JIjjj__I JjjJ. _>_. 

i__Jl_j dLU _)_> 3j__ljjl *j U'tl (ji __J1 IjJajJ .4 jjjj 4 iij-lj S ^ .U . _^ U;" 

jJjIjj _,;«_! Ij _)Li i4jjjl_JI jl_jVl cjIj H20 i_jL_jjjj> cjljLi- _j - 
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_v_ 4_ij__ pL-JaJ o\ UUI CJ_jj_»JI _1_ 4jjL_ 4j-_I_ — _, CjLJ — __a 
L^,C^I(j_aJ_) j-jLL_.fl >Vii„l __!l (_g_jj JL>J1 d»jiUi lj_fcj <<__jj\JI 
. jjjjjLall 4jjlj_>JI C jIj l iii II ___ Luol nirll (_yJJU 
4jjL_!I CjjjjJI _>jj 4<il"iVa ~_l>>l 3jjjvj "jj_> j_La (jjljjj, Vl ___ Cjj^Jo J_ij 
jlj^ jjj9 4jjjL CjI ii i-> _,__ .4__J_Vl _--l"ij j*_» (_-3 4_ oV. n . 1 ,1 

4_ujjj£jji lj(jtl _ijJ-jJI 0_ujj>J 4jo^jL>JI -■ In i nVl i iijU" _,__ J»_J 4j_sl_- 
. Iguil ir-wal (jjs p i n-*ill _)JJU «I "j^J 4j___Li ,C jjjjJI i f ll" i ~jj_«.jj,l 

«LulOiJt Mjtl^'. ,.~j, ^t-l^'- jj__tl L^j-j___i 

|4jkl J_-i .4jjI j_JI jljJJ i <i (jji jjLJI L^jJj-SuCjlajiU" 1 «") 

i__*JI LjJ JyljJJ (_--II 4__jjl j_JI Cjl_.L__JI £LL__ (__ 4j3.jJjJ__JI CjL_>j_*J.I 
(__jl ju- -_LLa 500j 400 jr_j La J___-j i njU"j 4jjju j»jjjl j«jj <",j-_ ij__jj___Jlj 

(___ 4jj| j_J| CjljJjJI Cjl_J_l_ jijjjl 1^'l-t.lj . L>-jJj iS-JI l_il" CjLjjU 4-3 — _,Uj 

4jjI j_JI CjIjjjlJI Jjjjj La_\_)jjJI 4__~j"j_JI_nJ I j . -^lj^. ^'a .[-.", -.Ij ,/- «^,; , -"■ 

ij_l j_> __L_. J_j_J 3ju_JL Lj-- j_. jjjJ_ (j_. Nanosensors "jjjlj cjI _,L__*j 

4Jj_ju_jL_.l__»JI<>j_k jLt~j.__j_^ 

-l)j-j.4jjlj-JI_ljJlj4««UVl J^-_^j._-lj ? l-^I^Ui>l4jUI--uil^-l 

_;! Jj>j _>t 4_w>-_ iCjljji" _;! __L___1 («jjj . j_uJI j_>L_a J_-b L^__j__ _>_-«i 
(jljjL (^jtjjju jjj-j _j__J-> _>"■ L_U jj i__jl j_JI _--lL (jpjj^-Lui j)l (_;ju__j J_L_j 

j__ _iljj .4jj1 j_JI CjI jjjJI Ji-I Ju ~-a.l-V~i.iill i-jL-il i,i-rll4jj_-l 4jjj_JI jljJLI 

. 4^j3j_JLI j! 4jjj__JI CjIj\j_ ;_JI J_t 

a X ■ " ... M^TI jjLJI 4____i # 

4_j_> ___ _ 4_Ls _, C jl fljj- ~jj3.j Sj__S jia ~LjjL^j_JI CjI_j___J1 »" ~ 

4jj__Vlj j-j adJI < njU~ (___ (-JL=_i _u -ia _JI 4jA___ 4jjjL 4j ■__.! 

_,<j ilnll Jl __L— Jl 3_La (j_a 4jjjL (_, _uLf jl — jl i j i ■ _yuj_uj . 4 — >.jl__JI 


219 


*_IL.»J__ 

_L_il 4jjjL_l _Lj_J __ J_0 .SioUII 3, _ij Ji.ljc, 

* j - -<~t (_j_ jt t j<^ j ....<jVi _jlj_ l_>j__ j-U 4jjic.Vl l_j ^ L_« ,_$_ (_— 

4jj_ jJI Jj_>j £_-j .Sj_jjJI J_-lj Jj-^jil ^jLUJI * I j-_JI ^l (jj_ij_l 
— -4jj-j(__ J^u4jJI,r,| l ^ll^lM,^,UaJJj ( jl cr Jl 4_L_,VL |j_.4jJI 
jLijj (__j , JjljjJI *L_t <_£> i <il'll jl _jj_JI {ys L$jjL_jj iajiijJI 4j,— VI 

-JJ-JL S^j^l ' SjljjtJJ 4jj___'I 4jjjL_« <j~ \ 
■ ■<\ : - ■■■ N.-» ^ 4jjjL jjj. _/_*! 4j_» <____ ^j_JI O-jJI (_3 lj___- 

4 iiV i ijja" ,__ j*. .3j (jUI I 4___> _M .t-ni*»»! (j_clj_i jl 4 ^cjL^ j-J_*j l_j 

-__>! __3 ( _J__ — _ 4jj_,jjj jIj^ l<jl«— j l_- .4jl_il j*j5 __a _L-b'j (jjjJI 

<_jL_tljjil L__J (jl . __*■ j_>_JL JJj_»JI (jjl .(J-SJjUI I j^J 4j»J Vlll,ll CjIjjjJI 

_jL__S _>L_j| ^jjijjLLa ___ |«__!l |«jj i_lj__LJI (jja l_JIj_I <j_« _J_ 4jjj_l 

Ljj>>_I <«jj i<jj_ _U _u_?l <j_a _ « 4jjjLi — jl m ,■- j»J_ — — J-"- i Lj-~l uua 

,_| j_jJI i—JIj-J ...tl _|j-_)| (jLu L-jLL_? ^j-jjlS^ ^ <«____llj 

_l j_J _l jjjJI _i!_ J_— -I _ i>.j_JI 4jjI j_l 4j___.VI ,U ii-_ <j__j U» 
._l jjj— (jjt L*j4_a jt L^jal JL» <____ IjJ— <jl jl ______ jl jjj (jjj ijjjlo 

(^jjSLJ! _j_I| _jj.j___J| -W__.YI <_!__.>; -j_4j • 
4j*j_JI 4jjlj_l — L»r'i',U ,h<i-_ __9 _Jj£ jj_l L^jJj_j <_, lVii„'i 
_Lji_-JI J ,<jLJ 'VI -I. T h- _J j<J ._l jlj____-JI j 4<lj_l l( -j___l J_la 

ij>JL_ Jjj— (j_c L_jj .4_uj _l L-La-jJI (_JJ 4_aL_yL .j i-^llj 

.3_j_fcil (jj~L ^jJ V 4_Li_ iijjjj 4 njlri t 1^'mUi'j 4ja.jL>JI l^—lrt _l 

4j_jIj _Lj_JI ^«_l JL>-I 4-l_JI ejjb Jl*j j .Lliljj^ajjL 5 (j_ I J< 1 - ■■ J2j 

l_i j_ iJLLjj 4*j__i 4___Vi l__>. ju_ ^ ^i .v, ,„vi j (j,,u-,n 

«LjjLlII __JaJI J-— uj .SjjjJI (j^_ JJt j (ji». i(jjjj_JI u& L4J 4 — j»->L_JI 
-IjUJI M j___ ,4j5I j_l _La_J.I J 4-__>U 4j3.jL>JI -ln , „>U 4__ll 
J-lj-L 4__,Vl j___ f J_ _Oj*j (j__j _JjJ .4__VI -U ,„ (^JJ 
j|__ (_Il L_l j ^jjj j ._L_L_.yij 4jjj_jJI J_ i4_ji»J.I 4jj.jL»JI 

.4jjJj jl *lj_l 
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4jjjL jlji jjjsLc. LjujSu ■ *■ ' ■ 1 SjLjail 4j"sIjJI oLijiaJI j—jjijjj 

JjLj LjpJljJ (»jJj jLa IjJ <,jL<jJV1 jj» Ljj>. «Llaljia <4jsLji jjjL JLLal 
Jia .JLSjS jJI .-. IS.Ut l lLLL*J *ujSJ.I 4jjjLJI ■*•'.— " JjJj .(_J>I jJLll - "tl 
Jjjji£ij iTiO^ »jjjL"ujJI t j . n*s t (jJIj Jjji oljlajl OjjjiIITI i_>^*JJ 3 i'r»nll jla 

^ U jJcJjJ j Lcjjji jis"Vl jljil <CuO ^UJI jujj^i j ZnO Ldijji 

(jj« L-iLjjJil JjLso (_Jj=. LjpjjJij Ju <jil£TVl lJJj d ii;-w jjauj - (JLasJLl I JlA 

(jic (^ljJJ JJi tPJI LuLjjSuil j — ».Jj 4jjjlJLaj iLjj-lCJIj 4jjin«ll jlj_il 
3jL_VI jJLsJj . Ja_»JI l_Ij-_ J}U. 4jjI jJJI oLa_i*JJ 4j_«.jli-JI jJ__Vl 
j—ojjU 100 (j_ L_jL__i jIjuI ^Jjijj V "___J1 ji_ _iLjj_w j\ (__JI 

Jja-J jl J_J —_J i^-Til _Ujj '(jjljaj^ll J _L_JI (___■ 3jjj£ 4_Ij _j jjjuj 

_JI IjJj-sj (__3 j_,L___j Lju» <4j_wjL>JI Ljpl m.i-w -Ja _1 _i_ 3j_>JI Ljjjljj 

. iL)LjJjjLJ.Ij LjjjjSUJ ■ ___ 1 SjjJjj, <"Ll_—J1 *_1Lc ~L_oj9 CjLijjI 

4jiUI«>UI jjjl^l __ S-jj^ _jji • 
__Lj_s ULji_l 4jj1j__I —iljjjjl -Lijl (___ 4j_j___JI 0_j__l (__Jjj 
_J_u .Uii- __9 4____ — _il 4jSLj mjLJI jjjl j_ll __« L_jl->*ii<s jJJ— - <_,- 

3j_ll __ 4 __j jJ_JI _J_ _J_iJ <4.il"-Vl,l 4_jjI jjUI J_l j i.ill j 4__J_Vl 

jjjljjiJI _L_ (jjjjjjj . _L>jJI __ 4 « ii <-i \ I LgJjjloj L»jjj 4«*m*iLI 4 j^L—JIj 

JjljuJI (. Lj! __a 4_»j_JI j»__. (jji -_LJI j in<ll I_iXjju j»__u 4j_Lj uijLJI 

4_L_L lJjj — uiMJI SjLs 4jjJ_ j__ ,i__jl$JI |j_> _j "■-»■" J_wi (jjsj . JiJI jl 

(_Jji (JjJjJIj Sjill l^-»-'i4j I jjkj i LjjJI JLjaJj-aJI (jjs 4jjjL clil m.i^J ^jJjLi 

JjIjjjJL joLaj>.VI i4jSLjj uijLJI jjjljjiJI ujJj jjjJJ .4j>-L».jJI jjjljill 

(_Jjl J-»c Lcji ,(JJjJlS' 4_J3jjjJ,I (jjjiejJI JS"I — ijiaj jjLjJI (jjj (jjj I — jJi-l J 
. IjJJji 18 (_JI 6 (jjj ^jl jjj Jjj iiJdj (jjj (jja 4 njlui JjIjjjJI »L3j 3jLj 

jjLUI ...i • • 

^y» 4j3Jj SmLsSLj LjjJjJojj (jSLu 4jL«js Jjl 1 1 j 3juC jjLUI Ljjwjjjjju ^jjj 

JL>- <3jj»JI JJSJjJS '(jjsl «I jjC. jjjsjj (jLjjjsj ,4ajJoVI JajL>-j 4jjju Jl ajs 

4jjj3" ol — li<Ljl3» ljlJojj (jjjJa (jji i 4 Ljjjt I Jl4> Jjii-si (*JJJ .LTjLjjJil (j— a 
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*iUII*»lft__i 

_v_>j__J 4ja.l i«-il,l j__ _J_JI _>£. (_u_jjlj) £jj__JI i ri hi^ 1 1 Jaju ^j*_»JI 4jjjL 
£_uj JL*js (__3 jjirtinVill (jjH^-LJ' 3 *L*1_JI i-SJ^JJ ._J_jLa ^V f l j-JJI 

L^uLul Lj__a (jj'v" I — jI ■■■—II «jla _-*o (__JJ .1 j*l •»■'■* «j 4jj_. _l j j.-^j 

4j_.">__s _-J-s JuJL>_ i_£_l_JI .'1Ij,*i,ii1,I £j__i _j i.Si-tj 4jjlj_JI CjIjjjJI (_9 

(___ tjj__ Jl9 4j_jj_- j__i_. -jljjij JulojJ L$J _jj>.j)il 3 jjlj_JI Sjl Ll 

(___ JJ-JI 4__>.,t_a jjjJo (jc __Jjj j__j -Jjiaj 4jjL_>J 4j*jjj j-l tJ_JI 

. 4JL»JI e j-_ (__3 - Jliil Jjj-- ,_-_- - j_w>-t __ij j^kj jJI (j-l ,,i-».ll (jjj 

2__ljj.l _l___ <__ jj_tftL^______> 

4_--ljjJI -.LjjUj-ni • 
(«jkt J_-t ijcljjJI _J_.'_1 4 — «jLLa (_J3 4-a.iV" mll l-jIJljjII i-iTii^I 

_jj-*ji <__u_t j^^jjj.Sj^^iajj^i^jjL^SjJiJ.i _ i.wijii 

LkjLiTj i(jl j) j-»llj ^)" 4t ,r-> _,__ "jL_JI 1 Jjl jjjLj _jI ijjjjl j 

__"} J ,,■>* _j| jLuil lJJj (jj3 3 «lV l'f-> L-ljO^ ^JL-JI ViiM__i . 4jJjlJ *J_a jj.1 

J^L-silj ^LjJLIj 4jj_JI _j_ij _JJ (_gjjj l_ua .Ljj — Lii (jla __jL» 2.5 jsej 
. (jljjjsJlj (jLutjyi __3 p i ■ -~ tl ____>- i i i n'i _L-ujl _►_. j____uj i4j_.ljjj| 
_JI 4_>_JI J — ___. i__LL*_. ___• jt ^j "ua,>Vi iii 1,1 oLil __u — _3j I j_* 

(jjj j__u ___JI idjjjJL 3jj =^ji' CjljLuil (jj» 4jJL_ L _j «Lil _JJj J_j_- 

L-Jj^Sjj ,,,- in M d IIVi*_^4^lJI(>a4,U ..iIIl-LLl-JI^I UJMJ- 
. L^jl j 4j_j_»JI oUI _JJ jt 4j_jj»JI oUI ,j-a 4jjj_JI _jL__J_JI __tj 

_jLjjL*J_JI — jljJJ-- _ j'..-*. ___. Jj__JL jjLUI U».jJ___j (-, I--- J_J 

4jj_ljjJI __L_^lj oLjJ__1Ij _jI j__>JI 4__a__« __a 4v»j____LI 4j_IjjJI 

^LajjL _jl jj i-».II —i_ jji"j -Jjj Jlj -J-LjJlj 4 jjjjl i ijm"i (___ 1! II 

l1iLj_l_JI (j_u_i_)j L^at lViinl I j mijj _, i « J L«ja i L^—Ja uit 4--I , ,, o 4 nj4 

. 4jj j_il 4j_jJI jl_Vl JjL_j (.-JLJLj i U-a 4- J____JI 
lSJ- - ^ — -W-^^jj-' -jLjjI *&\\ 4 3t__il _jl_J _JI (»J--J 

4_L__> (__a » >•-'....*■ __±>. jS-jjL 100 _>_. L_jl___t J_j ■ijjjLUI _ jI mi-JI 

_jLL_II 4jjj_j 4jj_JI J^a __u 4__>L>JI 4jjljaj<ll -jl ilVi , nl,lj JjJUJ.1 
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^il-Mlt j*UI 1^1-*— 

4jLa **- i 4___**L>Jl 4-jJLLaJI _l _-Lu aJI £-« I ■ .".I * ij ~ . .■ .4 i . 4j__ljjJI 

JL^a^Ja^.l 4ia----JI 4jjjLjJI — Ljj-»-JI 4jjj<j jj_ »L>oVI IjLi .4jjjJI 

i_Ij_4_Jj_JI j-a 3j j ■ 1 aj-) Jj-.Ijli 4ocljjJI 4jjjJI 1 iji.-i-ir"j Ij-i 11") 

JllC jl (jj-a — jJI 4j — j,l Jla 4_l>jL>. Jj.1j-lI Ldjjoj-L. Jjj- I jll-ir"ii j — j-ajj 

.4j-_ljjJ1 4-j_l 1 ^ _jJJu j-J—J LjJ->_Ijli 3jj_>*jll 4jjjLJ1 

,^1 JL.J.I I ju* ^ 3j___jjl>. LaLaT _J ju jjLUI L_-_jJjJ__. .-■ ^ jisj 

^cjj _Vj 1 11 i^ll j_a i_£j-»-l ^Jjjl *-^'jL>-'' L-ibjl aj^ll ol-tj—i j»J_-j '"■_-»■■ 
4jMj«ij^1I jl jll —I niv jf Jj_j-_J -r < . 11*1 ^y-» LjjsI __jj jLl-_3 1 jLul (_--3 j*SotjJI 

<_lj-__»Jlj 4j__I jjJI -_«jL_ll cjI,j,--,JI ji ._l^lj 4jj_JJ 4_jjLil I 

4jL_j ,'-l_'H 4jLj>JI j 4jj «"II jJ-JJ L4-4 ■ 4 ;j ■ ■■ — aj 4___jjJ-e 4jj_aj _VjLtj->j 

(j_«-> (*J— J lj * . 4-a_l.-ej __ll 4jjIj<ij^1I jljll 4j_»_i ___) jri ii-rjj 4 «jlj 

I_jjJI l-sL--js 4jjLlju-> jljja " I -1 ■ ■■? j_a _J|_ 4jjjL i_jLu> "tLjLi — L-j ■ »11 
_J_JI _*.j.mi<1I _-. J_Jj L_ Ljjjgju («-o _L-VI "L5B-flLSLa — Ijujjs 

. __- I j C-ilj ^--5 ji", '1"-- a (ji"iijhj « I J Li ^ jjjj lfllt-rj Lx-« , LAj£o 


--u-ljJJI Jj-wal-s «II a>l,|-|int,l ijJjJI • 

j_L_ I iz« 4j-.IjJJ1 Jjj-sL-JLI mJj _ a 4tj"I,l -ujjly.U _j_—JI Jj-jj 

S_UJ____- jJoUI %50 _JI Jj-aj . L4L. j-u£ _j___>. jjkjjj y_jJ1 ,\ joll 
,_-J} (_-J_-L |_ Jjj 4jj-jJI 4_>jLi 4j — u_i (___. ^Lajjl 4_lc (<-a-jj L_a .Sjl j — >JI 

^jj jjSLojJ I j jLtl L>.jJjjS-. tl_ai-_ (j c ' . 1 «j c 1j Ljjjjj-a-- ^'-^l oiejl 

Jjjju 3jLJj-9 4_fljjJ_> IjJ S-jjl k-J-t>. 4__v jJLI ^ j_l> J->J 3j__jjj9 JjL. J-^J 

WjjLjjj^ Jj-" <y* (« — SL_*-J1jj 4jj_JI -LII (3_j_u 4c.j_jj, a ^j^V"i (_____ 

JLj>jjuj .(j-La-a Jls- (_-jjl (_-JI Lk jitjJ _-)Vj_t_a (j njnV"i J_wl (j_a (__-~L — __JI 
.4j— -aJI 4 «i^U a, \ ^j j*Lj_U __JjjjJI (j_---a > njhjj (_-— Lc 4-ljjJ-_)I oj — A 
(j_a (jj£— i (_-_J1 .4-jilnll ^.j. 3jj->.jJLI -LjjjJjJI (jjLJLI J_>-l OjJjjjJI J »JJ 

L_-J_>JjJI J_«__u ___)J .(j_L_tJ_-__J Vlj jijjjji Vlj (jj^jljinll ^.jk j___>L-__ 4j>Lj 

jLtjVl 4jjjlj _Ijj_-Sj 4__j_JJ J.I L__a (j_a l__JjII . jJL_l Iji^J (__J___3 _-Vl 
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*ui.u_»j,___ 

ojjk i ' 1 1 i" l_I J__9 I jJ l4__st__ > n JjLu I aj Jjl j ...II _,<■»" «_i _J ___a 

.4_i<_ljjJI Jjj-sUJJj __L_jL_II iJj JLs_a ____ l^rtjtnjjj 4_v_Jtl 4_j__.L>JI 

__£jJI -Lja (jja lj * ^ Uj _)j -»■" °> 4jj_JI ___i __L_j__»JI __ij __jj i_ij-_ 

__Vju_*j 1^.1 j_-L _U_ Jjlj r> __J .A_y_\ __JLI L$_-Lj_ J_-l_ l4lV, ,„1,1 

.ioclj^JI (____>ljVl 5jUr 4_alj"iiil jjjjj ."■'■jU. 
J"i <i" .3_Ji"ia Llj_a j— j> ajjb _JjJI 4_bj_a Oj-ijJ La (___— JJ 4_>L_>VLjj 

i»j__ _j_s Jj " 1, 1 (j j li V") j. a 4_sJl___ — _ull _JjJI -L-a _jL__ _)>ijii.V" ___ 

(___>_. L__u| L_jL_ .ijjjjl J__>-l_ ,__JI ljj __JI j' jj~ _■"" _t-j",'i __L___JI 

:4_Jl_JI Lljil 
.iUcl jjJI Jj__.l_._aJ Jlo. j__» - 
.4jj_JI 4jj__i ___ 4_a i-r" , iill 3 I o i ii VI 3sL__ (j\ i ii — 
. Jj____—ll 4ja.l_jl (___ Sjljj — 
. JjjJaJI |_JjJ,l (_-_C l_"jf jjj <Lj_>_JI * J >^ _J_---»«J _ 
.4jcljjJI 4jj_JL 3jj>.jJLI -j.j .Ull 4j_lj_iJI j__-L__!l _)lj__9 Jji-J - 

_jl'ij-»itl __fJjJ 3---} • 

ajjji. ljj>i_i .Molecular Biology _ _, 'j jr 11 *L>.Vl ^alc -L__- _ _,« ... 

I jjj"j" 3jL_J 4 !jLa_aj .4jjIj)j_kJIj «LjLill _jI if»JI __-- 4i»j_JI 4 IjLhJ, 

CjLjLiJI _, IJ 3_Ju__a (_j__l j >. 4_-L_>l £jjj _;j II j uiitl _____ I 0-C.Ijk-iI 

___CJ_>__I .4^ jjIjl-JI CjLa_L_,l 4_:L___ JL__M(___4_>J___-__J.I C-L-jljj-Jlj 

__a jj'<; r »U,^-. l -I^.Im-.-.KIj-.U;.! -.ll,-.V.I-.tl.<l 1 "._, . ^ ^ll 
L_jaL_e_Jlj jjLill L> j)J jJSu j-__- j_jjj »-aj .4 — j__JIj 4j___JI Jjjillj __L__JI 

__j_T 4jjjij 3 Jj-L». _jI _i-Jj Cjljjl 3jx. i_Jj_ji jj <4 jjj_«JI L^-jJjiCill j- a 

jjLill L>.jjj___ 1-, --Lil J__9 ._-ljJI _--jl t-IJ j»M_-Vl _____ _^J_e_J 4ljrt< 

_jl_LiII __lij->. £A JaL__J 4-__L>JI 3JjJl>JI _jljjVlj __Li__II __a 4_t j.a.-»-.o 
L-?UVlj_jl .j.-JI» iijUjj JM>.(j_a__J_j Ljlii,, f M_Jlj_-L_jlj^»JI jf 

La 4jJ_- ,__!! Ij lj.^j" jl jJLI _jL_j*JI (7) J_j (___ .-.V j ...<l l _JJj_j 4jjjLJI 
/ 8) Viral Yectors oM^L-CcjUjji-JI ^lj-— _.! __a Vju 1 3j____L_« Sjjj-^ 
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_Lii>JI 4_l«_ __ SjLj _JJ ^jm-k 4jjjl_JI jljll j>l.iVi,„l _jj5 j_j 

_l__! "__l_! _J! 4_.L_.VL __Jjj .L5UJI _JJ 4Jj__J.I 4j_Ii«j<1I jlj_JI ji 

— -j » ii j*s U Jji 4__.jj_-j 4_X. _lj_>VI («jj _;jJI ._;jjjl (jriii-sll _,__ ~jU_,. „11 
.u_LJI J-L_ __a <U"4 — . l(j'fiiil,l _l_J,l Ji-lj 
Jj__>L>J.I CjLIls. ___« j___L11 _LaL_J1 jjLJI l^jJj___ __-lL| JL__j 
4_L _>lj jj£l 4-o._jl (j oiri) |_$jJI j__J1 ____ l(j m"jJ 3jl _.lj 4 jcljjjl 

_jL__L>J1 _;__-! __-ljl . JliJI Jjj (_J_ia . Ijja. -iji j" _j___JI ___j 

4__L>JI __L___JI __ — j _f __— ___ l^j*i -L _L>_ _>_ jL _JI __LL ___ 

,ui,-.-. ...i_ ^__u-._ti a^uji __l_jVi _i_ 4-_.l jj» <.-, ;\c i U_\jjVl_j 

(10 .9) ^ -^ji ^ Lfl__ljj (_- ji ___jj 4_- "JljJl>- _ljji 

__»_l_i *L*. V l^UJjjj ^/*«„.Tt _____,¥) JL>w» 
"jl__JI wJL>J_JI j_ _jlj-.i aLy> __u_>«j • 

4j_UL1 oLLJJI ji jL-JL1 j ,_JL__Vl _l jj___J j 4j_LLI ,:L_.Vl 4jjj_ ju_ 

jj _jj .j_-^1 juu J_a LaLc L_jxj jljjj __— 1 — J— -Jj miU __Kjlj (*_l Jjs 

4jjUi *l_-Vij _jl___>u <^_ji (_»_-ji jjo %20 j__ (ji _j! _jIj_j___i 

__aj .4j_ — _JI _jljJ.1 (-_ L^jjjj __»_ J___ 4jjL*_JI Jjl j__,VL ^-ljjJoJ.! 
J__l _JI 1^'ll.n't J---J 4^lj__JI 4jjj_Vl i__U_JI 5jLj j_-L___ ji _-j_JJ 

__1j_ijUU__* _-» ^jJI _J_.j . 4_jL_JI joMjJI -_1 j__JI J>_- ,.-3 %70 __. 

4_______,l __Jj ___>-Vl ^-Lcj ,4j__JI _jljJJ _-a jjj_JI Jlj L_- .at-Mil,! 

(__jLjij_J1 _jj_I SjLjj __l j-s _ I __— J (__-- J_ (^-jLtj .jljjjjjl 4jjjj (___ 

jj_^Vl jjjJI L$J ijj_j i__j__ jjLJI L^>.jJj__j ji (jjj_.LJI jj_i_jj . L^j-Lj» (___ 

.__jJJI j ,j_i1jjcV1 _jo 4jJI_-j 4i-T 4j_a-j _j1j-° J-i^JJ (j-- 

jljll ^__ 4________LI __j — _JI _:j_-1 _j1j^____ jj_--LJI Jujljj 

ljji.1 4_j-_JI l^_3__i (__)! 4jjLl*j_JI jl jJ.1 _;-->•! jL_i.l _,_ _jLjjUj-JI J 

— )Llo. (j_4 J— _i Jl I J l— y (jj__JJ . 4j__»j_JI __)1jJ ,1 oV±A i rtjl^i" (_— _ |- i ||"|1 

L_jLL__i jL_jI _;j___ V (__l!l La j-jjlilill j ____ ___L__,j _-L_jJ. ijjjL 

J_Sj .4j<o inll __olj_-Vl aLjs _J1 4 m«- l_i l_L L^j_)L_! (— _ IjjjojjL 40 
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-1_9 Sjjj^ jtJo ujI 4jvI uua jjjo l_gj Lc-i l_jI jj i-»«ll l-JJj (jl jjLilll l_jjI — iil 

(_$jj|j i_$j jj^-jii lljLl-ujaII ^jj» inii ^jijJJ (j^ijiyi 

LlILla (jj~.-~l .11 (JjloIjjj .£jlj_U «Ljjij (—JLstlaJI j-»jj (_, 1 nJ^jJI > ij iiill J-»u 
l_JI<i 1 i.Vl-(jj3jju j»Jj~- (j» ,j_Cl~Jlj jy-uJ.1 < fi K"i (j^»jiiV~ (J->-l (j-O J«-<fcJjJ3->. 

4jSL*^JI J-jlj-U *L_aj 4joIjl,*_uJ *lj_». ,jjo jIj-lo! 4_-jj___J.I 

^Lcjj" nitl l_11_«_uiVI (»jjuajJ (j;jj_JI (j^io-^itl ^Lil • 

4ju_>UJI ^j^ 1 o- 9 -L*jjjVI <__lt- 5jSLjj-»Vi itljjJI Sjljj o^ 1 l-Ljjj3 

i4j_.jj~u,il,l l_JU _uVl (jjo 4<itt ir> 4_l«£ (_-1i_, (jLIaJJI J. — ulj ^j«U"i dlj^-Li 

j - — II ^LoI 4^ju3jj 4_jjjjuaJI (Jji) l_jL»-jJ.I j»ljLsej _J <JJJ_-5 (jc l_1 Ijj 

,i-iVj . ,. .< j jj^." ~l3jj___1I £•__ ,j_____jj ■ * ■ Vj ■ ■■ ■< ^^jj I 1 1 1 1 _£jjjJI 
3_al i"-> I -jj i^l aJJLi (jjsLiJI ^JjjJI (jJa «_>Jl ,jjO 3j_i__9 4_j l_Li Ljjlj 

Ji.lj £-_3_JI _Vj LuLiiC Jj->-J JJ-5EJ4-IJ .ĕ_jjj.l oLjjO (__JJ _Vj — llll^ll _1j 

>J J-J _-__J (^-lt JjOJU ~LJJJJj_> J|j3 L-JLjWjJ, ,>l_JI (JJ3 j— JU i4_jj\JU JO 

(«J (j-«J 1 ljjii.1 J Jj->-jil L$JjjJ' ,j— *-»JI l_Jj_i_ (_-JJ <J J ii L*» »CjVi ) in i ^H 

.4j_L_~j»I (j-9 _U_VI Lj}U Ijlu 
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i4jnilltlijlj$JI^U«a t jl 1 j^a^c,jJl cr lg. 
^51 i^jjaljj i n"ill j ^ j i ■ "j 1 1 < ^■■—Ij-tl JiLo 

£_i !_JLi jjjkj i4 .Ull J ,_j 

jjLs i4 — o*> -s"i j (jl — _jVI SjJaj — ui _|LL_i 
JCL-Jtl jJ^i-I ^JL3-1 Juy «(^1 ijjjjl» 
LjJj—. u-"jJj .(jl__ijM 1 4*'ttn (_yjJI 4jjjjJI 
4_4jLs 4jjjJI 4 jL*3- ■ '-■ J * j 1 (jl 

(j>_JI (jl u_J L$^>.|jJ ^---1 <_lL_jJ_<_JI 

L^L»-! (jjs j___J ^lj i(jJj-__J1j ^jL>JI 

4jjjl»JI i_jLj3._jJjjSkjJlj ol jjjjjJI ^i«> 

. L^LsJ 4 — jJ ao Jj _ J— *jj cljj Ljj — i_ 

JS" Jj>J 4jasjjljjuj/l 4jj« Jjj_jj 
(jjjjjl JojljjJI ,__ 3j_- (_1_ 4jjjj 4 K mi fl 
31< .=:.■,< - 3j__|^J| 3 _ . . I I a\< .-..\ \ (^, 
Bj ■>-»-«■ i^nirti JJlCJ - }J — La *Ijj}JI _jj_ 
jl L&J- 4__ojjII 4__j£.j__t| j£"l _JLI (jji 


S-jjAJI jlj — 1.1 r liV, ,„Li 
__>11 
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iNj - (j-a Irna £j___j_ j_ 4 *j j 1 1 1 £jj_jja _)t _lj__ 1___ (jjaj . L$J-l 3j_jj_,I 

L$__jj_. i_<JL>t — __ij 4_t_ icjJIil oIjjjJJj Jjalj_JI <jji _j_i J — i-ljCi 

_j_iIj_- j-*--l (jjjjj i3jji__>JI 4j_ILi 4J| ma _j]_JI (Ju-UJ ._>----> j-^ I ^ 1 ri< i 
Cy* 4jj_^j- jl r LtL <j_a La j-? 13! La ^JIjj! (_---- 3_ j_UI (j____->n 
. V jl LijLa *lj_k (j_a 4 ii 111 i"i 1 11J jl i_jlj-i_, 

4 jiij iWill i_jj — _JI _jLa-j__« (_>l — _SJI jj-a Jjl___JI lj___> _>_>j__i _jj 

3j__ (ajJL-G _-_!! Cjjt ,^1 j _-j__LJtl 4 US1I Cjl ji ,i,ll JiU __-_ (^.-.ll 
4_Jl_>JI L^L_jj___j jjUJI L_j_wjJj__ JLsc-u JjlWi SjLtlj 4jj__jjI Jj l_- 

lf .ij$ji ___ __j__>j .ajj-Jij ciii ___ "*/■_.■ 11 __,i_j_j __>jL_a ___> ajiirimUj 

• (Jj->-t 3j_a -£$_->■ '.ii-y~ J l <j"j i ii^" j 


_jj_Jl J-«t_Mi 

^ - 1 __L_j l( JL_JI Jj_ JS^ ^_LL__I _U_JI (> _-^lj___JI 3_L_JI cj.i 

_fU|jiI| 'ijrtTl l — £> __»Jj_ijj _-J_J-l LT^-j^' L_0j£l J_y -_J>- ,~UaLJI JjJ IL> 

CjljkJ-jj ___ 4__jjJ_ua jjj_ 3-Ljj __Jj i4_jjJI 4jL«-«j 4__L_II 4_ajL_JI 4-ull imll 

d J-3JI ^_J~_ • _>' "^)" 1 3.* _)":*.' w*' 11 " t *J. 1 ^ lt^ 4ji_L___JI —iliily II j-uoL-c 

4J___I _>ji 4la~-J La __!J 4_3Lx_>)/Li lj__ .4_al __JI 4jjLaj_JI 3j__i _ I (j_ £l j_L 

^ylJI 4-L_,lii^ill Cjljlmllj (jL__yi 4_a __jt (j__ 4_»_iL 4_Li__ CjI ij i--j j»_l jCJ 

j n-»-_ L_i___jj . jJLlII _____ __£. L___JI jLLUI _;j_ __a ____ __J_j , L$j j»j — _j 

:<_Jl_JI j__JI ____ (ij-JI _lj^JI (> L-j^.. -_l_jUI 

.(jjjj—JI _U__I (jj-J Jjl • 

ij»jjjajj_JI i_rt _»jL>JI Jf_a 4^ IjnMI (__lj__JI CjI j£j_aj j t_>L__, • 

.l__jjj|j (JjjjJI l_y— >L__*jJI 

•*±>3±£3J±*M __Lj_jJ.I • 
.^(j^jj-yill _i__,l_t« 

._>A_u_jjjJI ijjLI__JI 4_ujm_, 4jj___I jljil i_j_4_>j_a • 
,_^j-i_JI ____. • 
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<_iU»_W Ufjt| II adU>i t-Ul 1**1 *tu 

-^j 3 J=r' 4>° '3' — («-— Jlj i Jjlh^' °— jj __>>• — jLLu_ J1»j i. i j-~ 
_j|jL_ j_L___a _>~ 4_W ,___ 95 j-_1 .iu^SJI lSj-JI ol jJjJ. 4__L__I 
.(_;jj>JI *lj$JL ^^j^j-JJI JLjjjil^l 

.(»jJI («JL_JI a _S_JI (__il___ll jaill _jV_j_. 4<ijt-U >_jl_LjJI -_aj 

SJjLJI .4 il.nll _j_j_J i_iljfl< J-^JJJ ,Sjji_Jlj 4j_LJI (jljLuJI (___ 4__L>. 
:___> _ „l*:i. /% u-il jn.l (j_L pT- ~ _7-Jlj 4jjLU 4n_itl _jj]j _-JI 4jjL_Jlj 

• ^T.ntl __j__JI _La • 
.iijj^vVl jjijJI ___»_ _lj-___l • 

.4j_JjjJI -jljLjJJj S.la.nVl -_j__> • 
-_VL_*J.I jj-J _rl__j iy* 4jjjJ1 •— >-jlU 4 Iljlj 4-jJI 4jL_- J\ *j» Jjljj 

3j_____JI ljJ___Jjj,lj_^LL___1 jjLJI L>.jJj__. L^Jjj^I 3 ,:, ; U-,t l 

_)1 ^jkjJI (jjaj . I £t* _j_jju __ Jl 4jjjJt l_jjJ_JIj (jl i_uVI 3e _ru J_ulj_J1 

_>_>l ji- __l_. 4 injjllj p^T*tl 4nU*ll 4jIj1^oj 4ji""ill (jL__VI 3jju_ S_Lj _. JJJ 
4_J_jij 3jU-_- 4jjj_ jl jj» jL-iil ,___t| .4j__l jJI L^jjjjj l^jlj j-i l___J__I J SjLU 
:4J_JI jjLhJ.1 JjLi. <j_a 4_uJI 4jU_- __JJ ^Jjj -JL__ CjI jJ?j 4jjJ_- 
jIjl- __L_ 4jLlJI _j__jjUI _jL*_I jj L$-_J__j 4_jJI . =■ : txr; • 

_j_j_J 4j|jl (____ LJU AaJ V- i„l,l 4_J__VljJ > _JI -_ J _-^jj__jj__j • 

.Lj_4_lj_J 

____ Jj . <-!>!! 4___ji-jJ 4JL—9 _j — ) j«jj— uj 4v«__— La 4jjj|j jlja — 1 jj) • 

.4_J_J|4_L_JI 

-uiajanT jjtyi Lj>.jJj___ 

.(jL-ujLJ 4_JL 4jj__>I (j_a cLU 4_jju La _J J_o ,_LJIj ">-JI _>-• <_-i_ 
j-ijajG __JJ _ ___ i£_JJ _J .»J— JJ 4_L__jj 4__aT jjL__a _>J_JJ (_—3 jj~_— II (jlj 
I juk -ils__i __ic L4K 3Lu>JI j_i_JU __JJ lS-JJ -_j_- Lajjj ._)! — _uVI 4____ 
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_j_» oLU_: ojf 4_j| <ua _J _j V U*j .4.^ (__j_ II l____j_I 

jj__l __!l ."L-L-JI ol jlo«1l 4j>_U1 .4__>JLJtl j-i-. _l__U1 

4_l-jJ1 Inl.l.-.-. ...I _U.U__| j_j_j- jt L$j1c i o-,/. ^l 4__jjLU 

J i_Jlj JL^1~_>_»Ij_«_j __jL__U j! J_t __9 4ai>a »->L_jj <__JJ cLU _, — a 

4oL_>U 4j___j jJI v L_Vl j__t o____U __ OjJLl j_j I j_ .^jJSJ! 

_"j— »«- 4j_L_JI 0__L_U _L_ _J l_Jj__JLI (jja 4jJ i*h-_ ._)L->j miILj 

jjj jjJI .JjjjJI J_-_ -_L_JI o-LJLI oljJiJ jj_" j_! 4J_ i, „.-, __1_ 
4_jJL*_,l j^L oL_L_U __ oLjSU 4jj__ U (_1J 4_L_yLj ._>_1 _ jJI j 

. 3jLi_ 4jjUj£ oL_j_ (___ 

__lJI .oL-jjjll _5j (___ Li.iVi iiill -Ul __> j__> oLJ___ ojt j__j 

S.U i nVl_g 4_»L_1 4jj__JI ol JuJLI (j_s 4jJU (ii ii 'i (__ L$jIjj_-Lj — __ 

jjL___ <_JJ Lgjj — — jj jUiVl __Jj jl 4jj_J! (_!l L$_j-__- <4jj_JI -iL__j 

_LU_ j»L^_ (j_ ijnni !___ .oL_lU ilijJj i__ _j ajLj __9 .ijiljajl oLU 

(_.jj_LII j ^jj—JI _j_J_l _J1 4_L__VLi I j_ . I _v»lL-_j *UI 3 
_jj__II ____ »U j___,U! _j_JI oLU- (>. ^LJI 4j_UI - -,,.11 

j_U__-j JjUI oL___. _JJj_j 4_>JUU ___ jl 4__>JUil jji. _-__JI 

.-_>.! jJI oUIjj_J1jjjJ_I 

___J I ijjLII _;j'i i ii - < ~ i --. i _,— 1 jt .___ 4_l-L_I LJj J _-__ j— Vl j i cTi ~i j j-Ij 
__L_ 4j,J__U JjjJI _JJ 4jjU! 4_UJI _j]_ _jU__ JlUI Jj .l_.Jj_-JI __«_-> 

«Ul L_lj __i ljji-1 4_jJI 4_U__J 4j£jj_V| 4ngll Oj_" j J_9.*lj__. J_- 

J____j (j_>|j_«Lj L)jj_i _) •> mi _)JjU i nmt (jvs j— 't 4jL_J _J1 _?Jjj 5_jil! 
__jJI I j_ . L_J_-j 4_i1jjjj _l 3,1— lU _LVjJI __3 LiiJjj .4__la_« 4j__ 
—il ohillj — — j^JI i_gj*i i ii o _-L- 4_i1_i ill — jL— IjJlJIj jJjL_JI J^ 4^-^-1 jjj (_g jJt 
j_JI _>_ CjIjLU 4j>L _v« j_-I (jiuJU _j_ 2015 j-UJI Jji~J 4j| <4jJjjJI 
. 4j__L_ Vl ^«^jU.1 r.-.l 4jln«'1 4j__> «Ll- j_Ijj |*-— (jJ- JjLi .Ij.l mi _jj i X ___ 
_,-_ Jj— _J! (j— _>-_ — _ jLU (j_ j_"f 4j_. j-tJU i_9j — u _;jjl oSjJI (^j 
_;jjj Uvd i4jjU »L- (__L- (j____ IjLU J i o -rj l_)j_ .1 rtjhill tLU (j_3 t—ij^ 
. Sjjln^. 4j~ iii J_L_aj _>_>Ij_»Ij ^jjL-iJ __IJ 


230 


*U»U! SJ1 jjt J_«JI bUl «_U1 L*4»J{«U 


SjstLaj 4__,La 4_»-l_- __3 4__, r..A\ C-&cuuo\ JL__ ij-JL_j La jLUj ___j 


4 j S. mj 4jsJi_ue (___ I jiijlrjj jl i4JL_2 -llj-aj dj^"'.' a _jjj_- jLsejI __— SJ 
j_l___a __L_ <_jj__i ___JI 4_ulu\jJ,lj 4j~i-r ill ~-i--JI __j $lo\ J-ij .oLil 

Ll». jJj__C_ ___-. 5 j ■ H Sj$-~.lj ijjjLJI _ljJ.I ^Li ViinLi ._L_JJ 4__j__a 

4_»j__1.i -.L^Jti ^>La _-_-, ,„»(> i_>_u_j i___-_j__i j i; <j_jlji 


.(_*o^l f lj_W___>L! 


__£j_^l«Ut;»u___i» 


SLjj i>»»tl jlj — U __L_j_«j «U_j->JI jl jVl *L_« __jJj 4__ — __a Ju_i 


_--!l 4j*jj ill 0L1 I -r"1lj J£l miU jjul i4jL_j_aj jijjjjJI j i^» I j". .Ila 

--jJ-SK ^pLa ,(1 - 11) J< JJ1 U_j. r __!l ,aJLtJI L^-Ijj 

(jij^Liii Jla Ijju J_)Vl - IL«JI (jljJj _____• _>___--_ V 4\_3j_»JI a\ -J1 

Jla aJj.-eTi.il (jljdJI ^j---J 4-J.L_ 4 K i'i a Julj I g K Ij > U_b JL-J JLjjj 
jjl _JJ j_> J_u»j L£ . Jjjlj-JI J _-L-i---jVl Ji-a «UaLJIj i ' '■ J 1 1 j (j___J1 
Jjjs f JlS_J.I _-_.! 'n^ill j«JL*JI (jljJj ,j_a I jj K IjJuc Jo injl 3K ial,l flj__ 

__3 _j-_a J___u SK i^i 1.1 ajjt J i ,i Jejj J . LjJIjj _ulj Ljjjjl Jjj (_^---J 

tjl___JI _v« 4_LU <___ 50 j__j JLaJju L_-__- .-.^.a.l SjL-e-Jtl __L-jJI 
(jjs 4_usjjJI ^e_£_>.Lj___l j — j-J-J 4jtjjU1l 4j / flj_»JI />LjJ,l __l njU _, lr 
4j>jj»JI aUI _>j__ (1-H) JSL-AJL. __-_o JA L-j . 4j juJI uL—JI 
(-___>~-l _j-_L___JI V j_- -__-ljJI -.L.jJL jLUa Sj__ ,___ S_j__=-.jJU 

<__J I 200 _»j- --« (jjc LjJjjS (j-___jL>J1 j___l__ ju_jj j_ aj^j (____>JJ1 

4jSi~t SJjL-c-a (jt i <_>-_-_ i n nijj.1 (jjaj !l Jl» I jj I jjJJ I ^yjs I jji JjSLiJ» 

4JjSjJI oljJjJI juuslJLc Jj^iJ 4j ijU-II jjJ^I f LiV" ,„L, tf LJ.I „ jufc 
, < ^ ,tK*.l l 3 tx /». 1 . SjlSjus SjuLaji. i.l , 1 3 /.I . ,.t l ,u.l t ,<j 1 1 j| 
I juk .oljVjjJI (j_^o _jIjLjUI -jLu Sjl___ ^JI UjLuLu -r__»j <-■ j-> 
__JJ j___i jI ^pjlj .UJj -r__>- (-Ul 4^_ajJI Sj__JI Jji, __ic Sj^L___ 


tj-iij (__L_ (__:tj __-_JI .4___,^ 



.1 SJjSjJI __lji_JI ju_>L__j .4_al _JI 
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.(2) ^iyi ^-jj) ^ j.ljj.jjjiJ.1 iju>.^j ijAii .Jjjjj ioi>»JI «Ul j.L-JI 


<_j3jj»jjlj 4jjjLLtl -iljlLj j»UlA^I SjLj *_*j (jj^ji-^l (jjjLa-JI J}Li.j 

Zero- (jjni^ill j ->K*1I i__l j oljlaJI *L ii? j_l£>LLc (jA»jj 4__jjli!l 

Sjjua Fe° JjbISLlII ^j-i^» jujl_-JI jla ,_>_--».^l l-L-j ^alence Metals 

(_-JI LAjliall (ji.nliia <_-jj_> tif _-Ujj i4jjJJLI aLiil 4_»JI_i_« (__lc Sj jj£ 

4j_jL_JI Jj_l-*ll LllljjJ l-jI m.i-hH j j i i >-i~ ~"JJJJ . L_ilj_L«jjLi 3j__i_c. (j-« Ji)l 

p -**J Lu-o -cJo _u (_-J-_ 5 A~,< „ "jj ' ~-JJ (jl - .'_.'** ^ J *-l - 

(j_« ^Lill (j__jii_j »1 j 1' 4 jjjLLtl Jj.l-stl ■*■! .'J.'*- ^>~"j • Lglol _i_l (j-« 

ojjj-5JI JL^t-x.ljjJj>.j^lcjl^ 

I4JJS JjKJI j l^-|i<- £jjj 4_^jJLI OLjJJJ». JJIil*?') JjjJo (j_- __Ujj 1CCI4 

^ jj~* Loi? • 4jjjJLi 2jL__> j_J_i- 4 Uj i ii i ~bjj_a__ L_iLj_>j_« __-_j_U Jjj_>»JJ 
_Vjj_jI_>I -J4> (jjs U^-i _-->Vl j inir ^ljiilj 4jjjL_tl JjJlpJI L-il ij i--. 

j ■ -.'■- (jja Lkjjj_>oj 4-jlll 'LjILi 3jj_»-jll 4_«l l-JI NO x _>_>■ Jj-ij-Ll I 

jj_».jil 0 j jIVi Jjlxu |_?J->- (jj\_».Jj_Lij 3jjj_a ___) ( jlt- i ij u?- 11 " U^^A--*-' 

. UUj _.j_>JI -Ij^ILi 
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<-_|IM U< jl| WgJI *jU-l |--JI t*»J»-U 

Jl_jj Jj i Ja-_ Jj — i_L (_1_. 4jjj_JI JjJjjJI _jLli_v, jjj j — _j 

Ji« ,4lj"~ill _j|j LiJI j i^-»l if (jjs 4jj_U -Ul 5 j" Pi (_]l i_?JJ_JI I AjJJ 

. ^ «jL— - JJJ~- 4jj1jo^ £>jjj_> __!! 4Jj<^>_j 4j, 1 1 n^lj i As jcjjjjjl 


Jui^yJI aLjJI 4j?m"T J___JI i^j___ jjlu-JI ljI .'.;>• • 
4__La "jjja 3 — jU-«.U i_ijbtjJI ^jLu _jj — $_>! ____ .L_l _. Ljj__ L_> 

L$_l_j«ij ^ljnll 3 j_K"!l _g j ii i <-i J jJ_»JI j uajjj 4 jjjLll t_il ; j • — H 

*L__JI IjjL JJJj .4j_L__JI _jI___JL, 4jjUI 4j_.j_>JI «Ul 4j"m 4__L>JI 

jjl 4_J__« Ul JUJLjJI — jLjjj» f -*_-! jiin __!} 3j_!j_JI SjJ__I i_J L" 

JuJlsJI Cjljj _j_ "jjjS> jIjj-! JJJJ-JJ 2j_J-> 4 j-r U i ii 4_vL__ij 1 fl t"i <i"i (__-»J 
LJol in'i ,j_4 JjjjJ Jj-*J -»-« iCjLll>JI _J 1_J 4j_wjL>JI -J_ i__ I ___£ 

|jj LiLJjj i3U ,V.II 4jjIjoj<1I cjl>>il jj_ Jj? ^ L^jJlSj ^L-jSJI 

"_UJ _. 4jjj___JI CjLSjiLi 4jjUI 4jj-j_»JI *UI ,jjs__a __JI I (<_ La 

j«i^»ll (-_ ^y-bl-jil - — *_>JI 4_i__ (jl __JI L__ Sjl — i^l jJ_~— J .4j* — _JI 

4JjjJ l_U J1_--JI (_1_- SjJlSJI L$J J^-l 31 Jl9 4-a JL_-~i 1,1 U JjJlsJI oLlusJ 

-JJj-J 4jjjjj>JI „UI jl_j 4jj_JI CjI "iUI 2__j_>jJI j-L___U J^ (jj» 

4_j»__Jlcj_ij_il^3 6 l___j J~L-_1J LJjtjj JUJI 4.j,ln, Ijutj ,LjjJ4LoL>JI 
. LpJljlj 4jjjJLj 4jjj_Jlj 4jjjjsJj_L«JU j-L_U jjj <__- 
j-i_> (___< 4__m_-JI CjL_jj11I ,j-a 4jj_j_.JI tfUI 4__jj"jj 4jJjlC ^ _ 

I flUl->- ^cjj jl_Ja_) VI 4jjjLj JjJjkJI CjI jgj - (JJ-« __a (jjs (jjSLa — - _J_- 

I JL_ j__>j l^J J_L>JI _a — lujJI JJJJ (»J— — J ' JLajJI (jjs 4j_I __a _j| mj~t 1 

5jjj>-jJ,I Bed Rock ^LUI j____ klAa __tl J___ 4j .„!j j_j ___ Jojikil 

(__ _aj___jj . Lgl>JL-a jljj.1 4_jij_«JI tfUI 4_jJ_J __L_-JI -J____JI __>_ 

— jMj_— i __a (_gjl JJ— 4jjj& (__i_ juuj (jl _jUj_JL> 4jj_* — Jl j— Jl fl j - 

jl L_a 4j_j_»JI aUI 4_Jo (j_>j_. __i_ 3j"ioU L^_>-j! J__! (_p3j__j i~ij~r 1 

(___; (3--JJ .(2 - 11) JSLjJI (__9 (jnjjs jj» L_ <4jjLU 4_J_JI l<1Jj oWj-- 
1 ii^U. jl _jjJ_JI j_>.L>-)i ^IUin< — jl jjjjJL 4jj___JI 4j Jj i> 1 1 1 j— Jl aJJt 

.«Contamination Barrier _jjJ_JI 
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(_1_ 3jL~_uil j__ IJI 44>.lj (jJI 4__jjitl 4jSjj>JI _Lil Jj) jj «_pj 

_,__ 4j^L_I jjjlsJI i_)Ijj^>J 4___L»JI (»1 __JJ I^IIVij Ujl __« 

,__l JliJl>JI CjUu»- #__JVI <_3 oljjlil oLi_j-a Ijuj «j_JI (_L__ J^L 

4j5-__. J>-° url| LJjj^J ^L_^jj_»JI ^MjJ J J i?- ^JJ-^ 1 j»^ 2 " 

(jj-Lj «_i_jj_». (jj> «LJJ 4j_jj 4i\or jjj- ^jjj J_il Jjj «_■ (-i— - .3j__> jj_. 

CHCI3 ^jjKJIj Cl j^KJI jL_ Sj^i-iJI _j___i CCI4 ohj^\ ^ 

5_____"Vl J-.Laj ____ 4_j| _JI JcLuJI 4j<j")Kjfi J__j_j I juk .3jjl_~ J_VI 

4_uL_ "U».J>3 -jLjjI ,_]l 4J^j__« J__JJ_«JI „■.;.■- (jjt-J « Jlj___-VI - 

_j->j (__a "lJL-JI oljjjjSJyi Ijl-j .e olp^l 2 jJj- «4____!l 
•.(_IL_I ^jtill (_ic ojjj-JI jjjjK (__.Ijj j-~ J_.L_JL. _n*jjojj>JI (jjjl 

Fe° Fe 2+ +2e" 
CCI4 + 2e - + H + CHCI3 + CI" 
UL_ ojL (ji juu .«Ldl -j__-j «(2 - 11) JS___JL (j«_L_ jj* U_j 

JjLiil 4j>.jJI (jJ» «4__>j__ilj 4_aL_JI 4jj___JI _jLi_jil (jjs 4-JL>. 4_«JL_- 
[ _- ( __ ; --,l_ J .jjlnll J—jjl jj__->_<__j J .^j_J_l 4__^_Jl t >.j__L_] 
.4j_j_»JI uLjil 4__J_> (jL)j_- «U-l 
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*U»H1 Uljjl U«JI bU-J *-U1 lf*|l»SXj 

(jjL_V» 4j_al_tJ t7—i*j Jjj_J 4 jl"-xll i-JjL*__l £— J-ij ^JJ*-»' J^_3j 
(j3 4jjjl_J1 4--L JUJL.JI Cjl ijj-- <--J_jj 4al_._3 u \c «4 J<i>aVl 

3j_J__ 2<l~.^tl a^ j.^.t l __L£jJJ (jji L$___Ji_jj 4Uflj»JI aUI S __!__*_: 

(_;_ _;_» J_~ 4jj __>JI -jljUjjlj JJ--JI _JJL_9 JmrtH ^jLu Jia 4_m _JI 

^j___ — uj 3_L_.lj -_ljii--a j_K_JI ^jJlus JjJLsJI <_jl m> Jjj4J lii! j£ .«^-J 
,jj, l _,j__L^ ( _J|j4jj_U 4j_)jj>J| #LJLI (jx As j__ijjjjl L-jLSj-a -JljV 
.4j__Lj_aJI JLHI 

l_iLjj? LaJk njjjjjjLO ____ 4jj3jj>JI «Lil _--J J-»-jj ^jjjjJI _)? i_fljj_il _>_-j 

Uaj -dJij (-_u__.L__- oLiejjjj) As04 3 j (ijiiMj cjI ,Vn jj) As03 3 " 

^jjJI_ya_-jjj__JI bKj/ 5 \t-ij-^l,l Cr jU,l J____,jjl dj^la ji4j.naU.igjJ. 
I j"lj 0 I II _}J_-i j In^-Sll _-__• 4jj}_JI -_1jVj »jjJI _)l JJJ <4jO llllL f\ l nT 

Jx£. 4 j<jj l_Lx jLa I jJ n__l____>i 3j_____ jt i i -u__L»_«JI __L_»_jjjjJI 4jo m 

2_JLc 4jj}_JI __L-_jjjjJI 3.»i.<1 4_uij£ __1_- j»j_u 4jjjl_JI JyJL>JI clil mj-_ 
(jbjjJI 4nj«in 4j — l-La-JI CjLtstjjjjJI i____j_a jJjSjJ *LU ___ (jl__jjjJI 

(___ JcL-lll ^ . 4j i__— i_j_" j? jju 4jj g ,„j »Lll ^ Lg-Jljl (j__»j(j;jJlj 
: (6) 2LJ-JI Cj>L_1__JI jli_! 

Fe° + 0 3 + 2H + Fe 2+ + H 2 0 2 
Fe 2+ + H 2 0 2 Fe ni OH 2+ + OH* 
OH* + H 3 As0 3 — •* H 2 AsO" 4 + H 2 0 + H + 

.4-4--i_-Jl -_jL__t_VjJL^J I iKj a j , < ^__. \ \ t ^jp-i -j ■-"■*- H ^ji-CJ 

3_j_>L-]l oLuj-ajli-JI -JljV 4j_jj>JI _UI 3_»J__a ^ 4_j_ll a_5jj__JI _)L_ 

j_s L_< <j-JI (___1__-T t -_u _•!>»■ (jJJ LjL-jj» 4j_jjJI _Lil J>L>. (j» («jj 

__11 Jil jJI (> -____j JS__JI (jUI jlj-Jlj .(3- 11) J___JI^-___ > « 

4_)jC. JS (jn*Vij ij-JI (j-a 3_jljJI 4j_jj«JI a\A\ Ijjlr jxj -^JicJ i_flj-i 3jl£. 

(j___«j __tjVl 4-j-JI (jl J a__) i Lg-Jj (___ll 4_»j_JI j— C. 4_J_a_a ^Lgji j j__li 

(4JJ 4jMjoj< t_j_»JL_aj ~ijj_jj -jl jUf JiL». (j-> _JJ jj iaL.aU 4jJjVl 4j___IL 
. 4jjj"i< ill Cj\ oj i n^llj 4jJ uaJI |.L-_wVl i__ilj__ jjs (j_-__JI (j_jj_j 
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4i»-j_ .il^j^ p — »kt,_J_ jjjILj Ujl — u^a -r ii i jll aLil __t_jj 
^I^c^.l^joUl^^l UJjj^j^lltl _ J l__^jjJIS_-_u_'l 

(j_o 4jjSLa 4__Jo _JI _Lil jlj__«J <Jjj— > (j_ L_Jjj i4j , i.U-jJl _il j*r JljjJI 

,_jj___j JljJltJI CjI mj-v _, Lc Lgjjl u_a 4jj__»J>I 4acUJI JLsjJI <j_« itijl^- 

__j JJJJJ . 4_»L_JI — jl iji^jLjJI (jjj (j^litiJI mJj^J 4*il->ii,ljJ uJ-JIj jpaKjJI 

i- 1 1 _JI >_-»-jJJ . LaLu ~> ^■LVi _L»« -_jj-»-J 'Ljj-JI jtj liijjJI 4i_«.j_9 4__wjil 

_)l _JJ jlJI "TjLx ' __ L*jUlj_- Ji-I_ i>Lil 4_l__j 4_LjjJ_. j-ljVi ihI Jjj 

__c ■ (__•__! _-_lj _J_-L_il M J_>ljjJI (j_s -_.j M -»-« _J__ 

. (jiaj-M i ii i'i-n" t>Lil Jj»-J 

4-*J(_--l Sjucl ,„1,1 J.sljjJlciilj^l J-»-!(pH),_^jjjLuJI JjjLJI JJ_4j 

j 4j__.Lil ^uIJI jLpi-lj i Jlj^VI - 1 j___ftl Jc__ ,Jx. U jjjtj ,__ __*JI 

SjL__t -L»j (jL__> (_yk. J_>*j 5 JlcLuJI J»l jjJI a j_> («iSLsejJI j . jJj J£ t>Li 
(j_«-_il__«j-^oL^j_4(_JI L^ljj-^ujeUI^-uljil 4jjj_JI _)Li»_JjjJI __Ljjjt 
>r U , nL Jj » <-»" I"' _»-> H-l-- T iy~-ll lIiI i~- ilill 4jJLu 4j i nl i> AJI i_jLi»_JjjJI i_jUjj! 
4ln mljj L_ljJ (CJJ^L^aj iSuiwjil Fe(0H)3 JujLaJI Ij , ii<jjjuf CjLjj->- 
.( iijt irt (_, i njUI ii a JLu ^l, l V~ i «Lj (_, , iijULiijl J miill c*-iljin*i 



j-jjjJb -jjUlaUI J_-J_> 


r*"-j_^ ti_»jl_.i «ui 


JPHte>-»-m tjtHijJ 1 u- 4 '<»■■■■•" »*--> 

.1.1" s 

!•<. 


3jlj_l7u_jj»JI «Lll JJSjJ -^ijij$_»U ijjJJ.1 i_jj_»JI jUI i_Ua 

tj-9j -'I _r t-i ,„ AjJL-II jlj-J- ,jjl L_u-»Jl-L4 *upJ»JLa^ SjIjIIj) _bjjjjb 


AjjJIIti ^j-^tl.Ul _^U.-.l__ ; jj-._^--»j)j 0 1rt J h ; »»'i | »--u,j:(3- ll)JS_iJI 
AjJ5 l/ jJlj) 'u-oj^l JiJa-ui, jyli- J_jTu jljji. (jJI «Ldl j_ii »ljj»j_uil J*>li. _h» •__ujjJb 
.^jJLCJI Aj_v__5 AjjjUII JJJJ.JI LjI mi>, «~llr»,.itju <L>J_J.I Cj_9U 
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w_»m aijis <_»ji »*_iii*»j|__ 

dLll -_".~t • tijjAs. 4— — — U lUjjUl ■ . *.'iti .j . --. • 

.-■■~._.U-.. 3_.l_Ul 4jil«H _jL*j V 1 *l j>.l <__ (JiL-JI j _La_».VI _;_? 

,LJLI <L_jj JLs_o ,__j .4_aL- 4.ii i aj (_JLJ1 JL*il (_9 jjLJI t j-KjJjj-j 
(__ i___,jj i__j__ "•_!___) _jjJ— J J—aj—tl _-ll .(J_3J__l>JI 4j>-j cr - " ^jLLI 

4jj i>if _jL_j_a jj» 4jjljj>_ L—O 4jj_LI 4j— jjjJI «LjII _. n j I _jl jl or 

. TCE j_-jVI JLjjjK (_j1V— i (_— ' j_o _$_*___ jJlu-u .<__» j i ii «j 4-ol iii 

j-j___JI 4jljj _>-=-( (-9 (> jV i . .. j _;jJI <_->jil I j_k jl __jj_JLI j-oj 
_jLL__ __<» j_l_JI JJjJI jjJ— • _>-• 4j_j_>JI .LJ.I _J! Mj 1 ^.Ji^lj 

(__ _j___J| (__jjJ1 lj $J 4-oJ__j _JI «JL-JLI (_9 (_C___JI i__j_l_JI 

4 ii.oWl j --.LoJI ■ -J-Jj olj.n-r- jj.^i^ (__- r '>V. ...j L_ 

Jl$j_oj «4j_jjjsVI (_)— jIj 4__L>-» _ru j_iL_tl (_j_— J I jjL_JI jU _l _ — 9j 
i>Lo I S—Jj-S __3jJ_> ^JJ J__j_I| j_ _J____ljj «(_>.jjjj— — II L>jj_».» 

j~ 4jjjLj — j| njt. ^\ \-r~i i nL —JJjj ij-L—JI TCE i— — j-o — J— ljj-»- j~ jL_M 
0>d_>l J_j .Pd j»jj_>LJI j inir j_o -JLw-JI 4_j9j 4-JaJ -lUia i___jjl 
jljjj 4jjj_JI i_— _ jJI - j-jjj,vLJI — jl m i-v 4j_Ij_« (*l Jt-"i.iiI j_o 4jl _J-uJI 

j-jVI jLc. (_II 4Jjj__j TCE i_-ij~ 0__— w jj ___ ,_9 j-jj_ > \LJI 3jJl9 

- 4_t_ljJlj jjJJI 4-<uJLC 3jn inll jj- 4jjjjj_jjjLi^JI _ jljLJI j_ j_>j - 

L_wjJj__j t LoJ— -J4>- Jj_>ljJJ . Ijj____o 4jjJl9 i iiiin 100 j-r i\ _J Ijj 

_jL- _jLi_*1j_o j o (__!l_j 4jjjlj — jlj__— o ^_j__j _, 9 1 fl ^ i j t_JI 

— J— jjjv 4jljlj l-jj _JI aLj_ 4j__j J—*_o _, 9 L^—jJoj— I dJLjuJI i_ jlj LaJI 

. (9_7) Lfr> 4jjI_JI i-^j-JLlj ^LJI oLSjJLI 

jjLJI L»> jJ j_Sj _ic 5i I <i"i -t,l .Ltl -jL>_- y> • 

(_UI «LJI _jL« i_ j- _wo _j_; ^_jl (_a .4_l__j . jj-JI Lo-jJj_S_ i_. L>j 

Membranes 4j ____Vl ^j-jj .J-jULI l_j _JI «Lo ijin _,_ j.j__; 

(_ojj ajj «~io j-LjJjj 4j__u i Lg i njnL—Oj L^JIS L — I jj. AJ»_i Filters _jL___, jJLI j 
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al_J,l 4jiiirVii j»j-jj l-jjj-. i»_ij_>JI (__JLc *La (___£. JjJ--»JI (jJJ 4jLi>iJI 
jjLjJ.1 j-i_jj 4_jjjJo Jl*jj . I4J 4_flJLtJI 4jjji__l l_L_>j_U (j-« l_jj Mitl «Ljo 

^jjijiJI jj_ j$— I _-a UltraAltration .JjL-JI -j inj_l _.L 4_)jj__.l 

-jl ji (__jJI _"JIjjJ1 J ,n\> ^ _ur- 4-J__ L_jJ_lj -LJJ u «C/.l^jlJ 

0LJ.I CjLc _j_o l_J_jj .Cjlj—ajjL 10 (_!} j_a jjL 2.5 _>u Lj— uijjLm 

J^ miII 4jjjjl>. 4 1 1 n" a 4Jojlj_a l_LLJ_ (j_a 4_jjJ_J1 tf — — (_-_ «La lV" miU 

4jjjL ^l mi«j <_ilj-«_3 _j-a 4jj_a 4ja.Lj.3J' " sLjJ^I ^jl ii ts> (j_a 4_, j 'n r-> a 

jLj __ll 0LJ.I (jiajjjlj _"j_i tVi J__ 4j"i rillj -ij_iij_)l 4 jl <if tJUJJ . jU__Vl 

iU"4 -■ 0 ■ m" (jiJI ~-_jJt1 4_»-jl J—-? 4jMif I j»l i_a (_!_ <>L3juVI <_L_ ojjJ' 

__i| Lcjj>.j <_Ujj .Lbju- (jjj 1US4 H2O Molecules «.Ul cjLjjjv jjj_j 

(j-aj i-uij-U 4jMif V 4^L_U _jL__JI jU__t jLut _j_. (.Ul L_Ljj->. __jj- 

L_)Lj-j_>. ~_j a -» .j 4jj_-a jj_Li, I LjjjSLJIj _jl — _»jj_i__tl CjLjj _u_w jj*_>_i («J 

L_Le_9 jL__! _,„jjl~a (j_ L_jL__i _Luf Jujj ___Jlj -UL 5 -ILJI jtjJtl 

. -l_-jjl »1 Mlf 

4j*ijj1l (-jl—J jjLJI L*. jJ jjSu j^jJL j_iL JUjJI _ys (JjjJs jj_ -_-j I jj- 

(j£. i_Ujj 4jinf Vl i_jLe i_j-a 4j<jj-aVl _>-jlj 4jl_L>J _jI_J1 4j__w jJ jjJ I J 

1 Ij in^l _j_a 4_i>-ialj-L_- jlj_ ___a 4— , j ii « CjI ■»■ i"j-a 4j __.! ^j i 1 n'\ _}JjJ— 

_.___ l_.jjuj — fl 4jjjL Iron Oxide Ceramic Membrane juj_-JI 
L-j_>.j _Ujj Reactive Membranes 4_i____JI 4u____Vl (__L 4_l___VI 

_jLl__Jlj _jL_jjlU Jj1>-J 4j|jl (___» 4 — _jLs SjJlS (j_e «j-ijj La jjj ___J| 

LjO-^ljjL>-iJI jL^4_a-w-_' jjljj , tl_^jJ-j_L-_i» 

(jL_-j}LJ 4_ij_»JI aLJLI jjL-a-a (a-Al _j-a l-jI Uj-s1,Ij jLe-JI ^Lus JUlj 

J->LaVl (j_a l_.^jt~"t (__i >JjjC La I jl <__Ujj <4 -JjjeJLI 4JJo .Ijlj 

|« l_iL l__)j_0 I i 1 CjI jl af (j_a 4j 1 11 1 1 n (jj_J_5 (jC Lju 4 jul jjl 
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*__*_w u\jij ui ^ui if»»i»^a 

l d - r tl.^j ^LjJLI 4_iL>_ ijijl jL_c (___j .Desalination -LJ.I 4 jL>_ 

(JaLsj (^jJlj Reverse Osmosis __ _u___ll -ij_l_Jl 3 — j_-_ ,JjJ— i 

J!>L>. jjj-JI _,_. ->U'_I «u 2_.lj_U -Ul f Uj? "UU J_>j____, 4_j_ 
ls UI <___ --pl jJI «_'_. __1 --,-._• L. ,-j_i Membrane 4, r.,c\ 

. l^y^ j-o jjj-JL. 4__« -jU-M ^lj-ijl J_j <___]! „U1J U-ljj 

' *- w . «tl -s___»L_jJI 2-L. -uljJ oUU 4_ji_»_ 4 j '< Sj jl — — <j^_LI (j-oj 

4j&___a ■ i< 1 j I . . ~ . . I ■ , 2 A 1C~. 1 1 SlJLc . - . I , , V. 1 1 (j__~ 

.4_U_JI j-oj «ULI (j-o 

«ULI 4jL>_ _jL_2j jjj_— > _, - _UVl jjLJI U*.jJjj_j i'.Uf I j — _j 

3 « t — _-~ . 1 1 4_i___Vl 4—.1 _— » (___ 4jjjl_JI jjjj_JI i ■ . j iLj I t_uj_>_ <j— - 
j-lj-*- _l «_o 4_l 4_ulaJLlj 4_j.Ut.ll __ijb_JI _-__t J-jj .4jlV.ll ____ 

a. ______! 5J___I _jLi__c 3L__ jl_ -jjiL.I jj__ j_JI c-^-l 

4___Li w ...<.tl £___1__JI 4ji__j c__jjj_) Lo I jl _Jjj ,4__jUI ,___ 75 

___) (j_ 4_Jjil jj_jj_!l t-^JJ-t Ji-_J .fjjJI *-o lVi ,„l,lj 4rtK",ll 

i 1 .^ . <j-.t All j j-_j _uj_J| (_jLiLa__ Sj j <t1 _ j 3 Jljj-3 jjl inii -Ui _M 4jjjLj 

. L^J^Laj jjj-JI j-» (-——II «Ul CjI jjj_«J — o i .."' i.'".j-- - i LgjL -— - ) ^oin" 

i»j_j (__4_ I jJ .(_--— II tUI j_- 4jl jJ.1 --jLoVl __l_jj_>. jxy 1 . 1 t ""*' I " 'j.' 

.Molecular Sieves 4j_jj_>JI ,_jL___,jJLI jt Ji-LUI ,-U-j 
Jjt _jLjj_- j»I__*_; _il •__ .LJLI 3j_l_j -j lip -jUr 4jL___ jl_j-j 

-jj...:Altt ji_I 4jjj_ -Lu». _i) j_j .MgO 4jjj_JI ^jjiinrUI .lj <n<j 

Ljjjj_jJI __1_ tl ___JI (___ 5jyj i 4jL_L_ jljil »__* mjjlPj ,j — >JI Mg 

-ilj^j .Gram-positive and Gram-negative ,-lj— -Jl 4J1 — _,j 4j_wj„ 
-U»j __>.j- -_)_-UI ^ 10 ^ Bacterial Spores 4__jj'< ; 1I ,«__j_I j_>JI S_L_.I 
Quantum p£J\ _-L_j (__,Li __jj_«j-o jt -jjjLJI -jIjjLJI j___^j .l_.j__II 
i__bj __oj_JI 4_jL_ (jj_-l __o 4jj_> (____ ^jji.iirLLIj L ___L_U Dots 

L_o .Ij-ojjL. 20 (j_. L*j___l jL-j! J _j j___JI (__fl 4^L__o _Lj_» j — « 

. I j"jl/»l'A ^ "j j j< SjLj __JI mJ-JJ I j-kj .4jJL_ -Ua _ul 4__U_o L^j ___j 
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|_Utfe»$.»__i 

_;j_-1 _Jj->JI 4jjL_JI <_j_.jli.l 4 nn'i ___ 5j<,"ii,ill 5._Ljj_l Jj_i 

■i ir-»-».") i-ij-». <,»jJ1 LJtLc (___ 4jj — __jJI Lgj-a _-iL_j ^ylll J_l — _J.I j^jl 

<-l alr J<»JjJ La La_l jj . j 1*1 j 1 1 (j_a (ju.jLa 4jJ_ (j_a j_— I ~l jj i Ljj _ 

JJ>JL ol_jlI,l i_i uij ^Lojjl J <-lj$J1 _)jJj _n-i ij-»- inll 4jLcjJI j i it-ill 

<JJjJ1 (__>lj_ai (j^jLjj . Sl_jJI i_j__-j _ ) _'lj_a_l _,_a j_j_SLi 4jL--j_ , I (jnjj 

i_)j-jH 4jjIjjjJI _)l 1 1 f< n \\ i-jL^jJ-Mj <_r>. jjjJI ^l «."'il j 4j ljiI i .i-»Jlj 

_>_.lj_»S. I jj___? 4j*jLs ____ 4jjI"i11 <_jL__ _JI j 4jjJI _jU_. j -il!__Cj 

.-jjJJtl .._«], jLi^. ^IjJI__.j__I ^Ij^^j-AjJI ^jj^^JI 
__aLJI («J_JI (j_ a i_ijjj>JI Jjj (_Lc «.Ij-gJI __j _ 4_C — __ j____ Vj 

4j_L__JI JjjJI jjLslj-a 4.< miII tfj_> ,j-a _-jL_J Jj ilj_j J_Vl JjjJIj 

j_ ji_? (_j_j (j—M 4j_jj_V| 5j__J,I i_iLjVjJI L^ — _lj (_l_j <_.<.U«1I 

4_-»_j_j 4j _l i n-stlj JJjJI _>--lj_-l (j— Lgjl— JJiC (j_a 4-.L-.I _, -3 60 

._)jUI tlj^JI _)l '''""" ^ (_£— -J-»J 

i_^tal^l 4.jAi"yiUjj— Jl!*j)_i"tl"j"T1 , 1 j inSi ^jlii _jLj->-— _ • 

— Ll_jjJI — jjjLjjJI JU___t I (_>— (jj__L__a p i -»-" ■ t L_l Lj— ' j La_ 

<M_j__> _ I -_jl ________ <___ j___lj jUaj (____ — il ij j-sll 4jj_jsjjSLta TiO^ 

__L»£ ^"i* dui. _.J_jJI j JjljJ-l a --L_-<->J _)_sLjJIj eJ_aJI _lj aj 

4jJui5_JI -_iLaljl_-_ l_VI (j_. l-Li-JJ .(« IL-JI (_.j- _-a (__lc 1 jia _______ 

_|J_».J ___3 <5j j-ail I j"l^j.U"j L_^1ia_I j a (*CjJI _, _-J i—UI _JI 

L^j_a CjLllls ."■--" »t La I jl c_JJjj <5jl_1 j_— 'l i_iLa1 jl_j__I L_j_l (_^j_>.L__a 

__l j m-_ _;_jj 'JLII Jjini (_-l_a . lj_ajjL 50 __i_. L_jU__i _L_j? jjjj V 
i- ,__1_. 4__Ls 5jj_ lj__jjL 50 j_. __jLL_a? jL__j? J_j _,_JI L_j_I 
V (_*_ I _J .jjjll ry> -t-t-"' v '-W? Jys 1*— i^i 

4_l_._J JL__ 4j_4->JIj 4jL_jJI _>_.lj_i.l <_9 L^jsljjjej ul Jl__ 4_aL_C i i i ■ n* 

"__L__> (_9 £_j_j _)VI (»__*^ — m- _-d_ (_" _-«J • 4_jL>J1 4j_* — .. i nijl l Jjjjs 
._)na miII (j-a 4jL_jJL 4___L>JI Jji— "H _jIj_____j _— aj 5j__I_J1 _il_ajj_ 
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<__»_t ill jlj «i_JI «.U-J }-U1 Ut«Jfr-_ 

^__ i_l *!>__> j "J 'JJ ic.Ll__> j__9 I J ' " 4jjj_JI tliLijijjJI jkjjej __ _JJ ji£ 

4_.Li_-j £_ __JI __LJ| 4_.l___ ^ _JJj_j iL^ik. 4__-L__JJ i_jl — __- S _'l 

. jl_u_iVl jj_*_-_ 
4-uj i ri 1 1 — -lj li -X 1,1 (jjj _t j__ a CjI jj J--JI 4_jjjU I j i~i j j 1 1 I 

£_»__" ,__$_ p!i jjaj 1L4J "j__-_jLo ~ 1 — ? jj^-jj j-. 1 »-" 1 _»— ' Photocataly st 

!_gj Uiill (jj__Jlj i_jIj_JI Jjja 4jj____1I _jL_jJ,I jj- L_>jj_.j (_Jjjj_jJI jjjwjJI 

j J i -i 1 , (_,_>■ jl _inn i^JI <J> i_V loi-li — _J ____>jX. Ls I jj _JJ jj 1 Ljj__jJIj 

jL_ i3jjj_i!l j_>lj) skJI «J-4J L_j_».jj .— _i _ujji_JI ^l 1 1 n 4 J La (__j_j_is 

. (_£j_____JI ^£>IjjJIj ^l . .."VI ^ya L$jjLo_5_ (j_>^__ ~c______^/l _jl_L_J 4__ ______ 

,_,_ 4jjjL_I IjTm-JI cjI mi->J JLtil -.jjLLJI __iKj _JI JJ--I _____ j_j 

j*-~»jj"j 'II »j 1 11— >l (j-a (j_— __— I a, J_— i 4JL__ -Ujjj—. _jl j__«_— > <__. _ >jj 

L$]lj__-lj LtjjiM^l^jjjis^-iJ-j.^j^jJI «IjjjJI (j- L^illjlj NO x 4j>L_JI 

J-u (_l!l lj"j"H 4jjj_JI CjIjjLJI J_*_j I j__> .4__U±JJ 4-u Im _jL_j_j __!] 
-j_— il j-a (j^ilV"ll j»J_t___ ->___lj jl j-a Cjljj-ajjU 10 jj£ Ljj-I jj j~- jU__l 

JjJjj C jU—j-cju ^Tiill _)j->- 4 ttj"i 1 mJj >JI «I jjjjl (___ (jltrii" — I (j *J>JI 

->j__ ^j_j ,-j-> ...AIjll (Jjjjij ^pt, jj| "u _,l JJJ>-J <__3j .4jjjjj_JI 4_.Li_JI 

___) ijjjjjl Jljjj_>I __!! L^Jjj-sjj (Jj-jJI 5jiejf Sj _i_Lj -LjjjLJI _jljjjjjl 

jl J-J-jJ.1 j-aj . jL__jVI 4_-____ ,__L_ 3jj__o- Jlqj V MjjJlj (4 jli^ll 4_ILs- 

4__ _ ILI 5 .1.^1 1 ,-i l * . ,U"l l - j , ,< 4_wL __ _a 4jjjL Jl L— __JI _ jljjL (___ - 

La (__L_ jaj-j £_ja.j_!l I j_»j 1— jLjjLa jjo 4j La 4 Iljlj tljjjJI 4jiij JL*_aj 

jjs oLjuaLsjJlj 4__se- jjl JL*L_aiI 4_j_JI 5jal«ll j_jljj,l jJ5 JJJ-JI 4jJLjj 

(14-11) , . ,, - • - Itl • !•- I - I 

. ' (j_>lj_«JI aJjj- aJUl cJ^ Jylj-^ j»Ul_l 
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12 


SljjL^JISLpJh-Mor CjLjjjjSLiyi Juu 
^yjjl .CjL>jJj(Cill JSl! Mjj—iill jjajlIIj 

iTjLadjJJ I j/>-jJjjSL) L^L»jLe u [£. tjjij 

oL)JjjSJVI .-, -y.n] JLflj .oVL^VIj 
LLajj (jJ^-J er"»LU ijj — ' (im"(i« j-La 
(^Ja Lcojjjj Li jSL« j I «Jja Ij mir I jufc 
U-JL^J ^l 4jjJ^JI lu^SJI Sj^Vl 

^Ljj^J)/! ^L. ^jjjdl .oLjjj^I 

,3 *"■ ' .Nanelectronics 3 iijLUI . „ , 

' J L^ j^J^jJI^, 

,lj<UI (j a 4jj ^ » f>Jj£JI &jl aJI jjL^ily JlJ^i ji jl. jjjs 

^pji i^iiji jU-^ 

(jl 1 J n-trtll IjLjJJ (_j^sL>JI l_j Ul lJW 3 L». jJ j Sjjii ,»Li_I uj^a 

O I j ji___j_ lj_J I <c Li__ jjlaj (j->j «"i . "'i j_ti^_J I 

m^ojS jJI _j_LU J c^U^I j^.jJ.1 lfl-n.ni UUS tt^^ cJljL^. 

.oLjjj^SLtyi ^ja^J __l>];i 
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Cit jj_uu jjl j-iJI -U&U 

tjj^frLjj-i.aJUUIrfL9 Lajjj- 1948^LJI<^lj$j__,jjlj>jJI*-M ^pi-l^jjLjj^^j 

^jKj) r„ pAy U<jljajj Walter Brattain (jjljj j_JIj j John Bardeen (jj_ jL 
Sj.d ,1,11 «OiH^ Je» J-^mu ,jj___>.UI ( 1 - 12 J< ,t.»l) William Shockley 

lJJjj-JI I J-4 Jlj jjij . jj_--jjlj__J (<_$£.lj__J _)}LcLi .4_£jj_«Vl iJLajil __LVjJLi 

j_^(^_dl(<_^lj-_U (____,(<_£! IjwjL^jtiJJjjtLj^LttJI^ JjjjSjjL». 1956|»LiJI(_ : _3 
. l^J 4jL$j V LaLaTj .3jjJ->. Mjj_, 4jaLai j-__3j (jl__jVI j 1 ■ ■■ * 

3j J « I 3j__J Jjk .4__J__I,I i_j| aU mll Js«_a J_>- (_£ jjl JJJ -ujjljjjlj 

4j}A_>. (j*o J^jjJ' JJJ-*^ ^ i ' "J JiJ^ 'jW-" (JiiJ-iJ ^kia 4 <ijl*>jJ j»J-3j l-A*- 

,4jJI J>-l jJI jLjjJI 4 aj*l c_i)}L_>.| ^ a ■ 4jJ ij-.j-. OjLi jji. jl J Lcu 

(___C Ijl n"<r I i__Jjj 'jLjjJI 3j — u (____■ (<___e_JI (j^a i-jljJJ — -ujjljjjl (j__a La-o 

4_3jj__, , | j__. 4lof i_)jj__ii (__i- jji__jjlj_JI (__£L-j_jj . j_»-T (__Jj^ jLjj 3_1 _. 

Ji-Jjj .(JrujSUI jjrtj 4_>jJI r.iil*-»-! (jU .ijjj^SJI SjjljJI ^.9 ^lliil J__C 

Sj\£>-Vl (__is 4_ja___J,l JjljjJI *Lu (jji 4j uujjj oLij£L<_? ^J_f> -ujjlj-JI 

.(jcJI ...4^L-_-_JI .J-LjjJLI .^1 -_-_.L>JI) 4n|-,Vll 4^jj_£J)/l 



0«— J' -^ 1 ^ 1 ) ^lHJ* <C*~" -^ I > J, ) OrHjL! 
. 1956 j»LaJI sbLi-JI <___ Jjjp ĕj-3L>. ,____ tj_d__iL>Jlj j^Iiujjl^JI 


244 


_J^_ — jll _L__I 

«-JJ^-jj^-JI jLoll J^jj' (___ Lg3 j jl_J L-aj _ljJLI < n , ; . \ ; ;< «n 
J_L__J Jlo iJjLc jlj_> j ^jWjJ Vl ._v__*_JI __ljl_ Ji* __:>t „-__» 
-jLjjjj-J^I jj_wj _;j_a (_1_. < iij;»n~ill lj__(__Li j_tj.< <.°..->JI jt 

j« <_Lj __jj__J j SjjJJ ,__».jL>JI jljdLi 4j*j*_»JI I (j'.a|-,<j 3j_»JI 

((^j^SJI Jjj_,j_II 5 i , y ) 4jjJ_JI jljJLI _L__ .1_J • j--_-tl 
(_Lu-ojj ___ 2Jj3 <<it,l Sj_»JI __Ljjj__JVI jj>-j 3 _L__ L$j_i j--jj_ 

3j_»JI <JLiLjjjjSJ!>U 4^_j_-_>JI 4_l__JI (j_a_-»--i 1 - LiJ Ijuk «_jl i-ii- .„11 
.((-jj^SJI Jjj_>j_JI 3_JJJ__ jl 3_jjj) 3jjl_JI jjii 3Jjl_JI jljll ____ 
__}L__jJ.I _L__I f <_,l lijjliT _UJ_J jljJ.1 __a 3__j_j_« <_JL__ jl Jjj 

i»jjjLo jjJlj6j<jlj'"H Jjj» .Semiconductors 3J__>jJLI 4j__ jIjJLI) 

IjL^J -j^-itcj V — <_jIjjj i_jjlj_JI 4_ll i < r» _, £ 4j l-Lu- 1 ! jljJLl — 

3Ja|-.< 11 jIjlSjs -jl j jj <-.j-_ <SjLjjjj jl jjo I j_J _±Ijj <__ j;.^-i'1I 

.3JjL_JI -Ijjtj 4___jJLl jljjl _ru L>3j_»JI LjjljjjjSJl^-j^^ll 

j_—> j»jjjLoj^>JI j iiiitl <jjjjj<JI "uiuojJLI jJjj .JL-LI Jjj — <-u (-_-_ 

<--_>. jJI (_3 1 o j> <_, a — »__> (_)JJ-_ (jjjJj» jl jl — jLa i__J?) jj — jJjjj 

<_L_.j .3j__ (jjjJ— 30 j=«-j __<l___tl jl_J L^j_J_j (j_. J__ L$j| jjc. 

"I ■ -J jljja <-_J __ 3jjL_JI 4-jjkJI Sjlj__ 4_vjJ ___. <_! (jj» -jJI 

v ir LjjL^j (_j_>__ 3____JI _j__ (jl_ <3l.r-.jll jljJLI -Jjl.M <_j>L_»jII 

.______*__>! 3jlj_»JI <_jL>.jJ 

4__LL__> <_J_j __3j___ j____l -_ULI - _j-Lb _JIjj___c \ -Lj 

__^jL>JI L_>jlj_a _________ 3 J__l jJI 4jjJ jL_ . J___s - _j!jjjj_jjlj_JI 

j__ l__> < j___JI _jUjj__JI («__l jO^jlr jUi_J (_r-Jlj .-jLijj__JI 4jljjI 

J_^jj.jj_^^ISjj_j(jjj__Jj.(<,i»2 - 12) J_____JI (__ (j^j, 

.4 ___j j___laJ| (j>a L^J S jjLa_3 Sj j j_a j j<jlj — _JI _jl j j jja Sj j J< 

Sj__ljJI SjjJI -Ljj__j <joj (j_>J • 4 j a -I l_jJI 4__jl^JI (jjjj^ _>_: <_JJjj 

(_3 _r}J_i j)_ J __? ._J_ij^__Jj 3 — jjLo_j 4__ La_a Lgjt-j jj<jlj <_JI jja 

.(3 - 12) JS__JI 
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5ji(») 

""- x ji—Jljlju. 


^—ijj^—Ji ♦* « ( • ) l )2 

\ \ \ si/ / ; 

\ / 

^t—Oj^—JJ 3 j>a_JI jlj. 

/y^\ >2 f ^// ;:: a\ *\ 
' K^y/ ' \ \^y/ 1 

4* X ^ 2 ^,' 

* 3 ^iuLJljlj^ 

jjuijjJI iji (u) (»aJI*JI Sji O) 


iw. ^olj,^— l¥l J^L_JI_«j ^^hjhWi^j: (2- 12)JS_II 

Ga j»*J— i (jf.)5 , As j^jjjJi (v) .Si jj^jijniti (I) j-. ui—jUi «uii ^iji. 

.(y_JI l_,_J3j,__l i> j JJ_J| ju—j^ : j_aj.l 


Lj,jjj)_> ^yS _}__jJtl «L il (jLa t| jltiU j n ts\\\ Sjlj-»- 4-»-jj -J 

linin >jj-^l UjljLo (jj-^^JI IjJ_(_-Jj^— I Jj— I i-i — u u __• 2_i_JI 

jioii ju_i ^jtjjj .(_l_jj_sji 4j:uj) _Ljj_jyi y-uaS^i j_*jL. 

_ljj a n <hl „■« 4*jjj JLJUSJI _Lijj_JVL, (jj^lj ,„ll 5jjJ (—^jLiJI 
Lo.jLiJI ^jIjIjJLI JL_? 4j^.jLkJI UjIjjjjUL, L^J SjjU-U (j/il, ...tl 

li-JJ-J .(3 - 12) J< .nll (^^aisjjs j__ L_ 1( j_lJI _ljj_J I 

3j_JI _Ljjj_VI M l_ji: ^JI 0jSL1j__I Sj_ (^jLiJl jIjJLI JL__I 

(j! j_ic. . l-jjj-wij SjjJI jlj__l (jJI ijJjJj tjjjJI j-«Vl i__e _J1 4jJI__ 
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(__JI «jj^jl mmII SjLs <j_>jj_j LaJuc, 0 iujAjj Ls (jL_j__ jljJ"J — ->^l 

Ijjk (jl_ iL^jk. JJjus j*l_ <_l j, I ir-ia J_J __ jl 4-J__ 3jlj-«- oL>.j_ 

'(jj^jlj i nll oljj (ji-i 4ja /hl inlll J_jljjJI ,___l jjjj 4jjlj_- 4_)__ (__JI j_>.jjj 

jlj rtlnil 4j_j_j (jJI (-JbJLi I jj_ _S-jjJ i Lg__Sj L_ij_u___ ,___ i_jj u_u La_» 

4j^.jL>JI Oljl jJ.1 oLjjjSJI ^j^Ju jJj-xj 4jU«1I e jj» (jjc (a-tiij >olj jJI 
.HoleS i_jj_i_JI jl olj-inill (__.Li <-3jJU La L^Laj» (__ 4_jL- oljjJJ 

In.itlaj.jij.i--'. Ijlj.1 





j>___li jij^ |*^,Li -ajjjJ,i 

• • «Sl • 

)i «si • 

' »Si 


• • «si • 

>• »81 ' 

♦ »Si 





j|j_ jJij jj»j--_J! 

• • •s. • 

■ ; «Si • 




1 


(jrt< itb I jiri» I jj^J Ij i.itl tjljJ JoLJjl jj_jj _,Vnt-»^.1 (S_ulj : (3 - 12) J£___l 
<llnnilj)j Jj— —II i lj li".! (_i :jJU__,l) jj^jlj 111 ĕjjJj jJjS-J Ai « itil m"i 1 1 i— _ll jjl _(J>_> j_ 
.(^jUSJI 1j_,__J|_ 


4j*-jL>JIoIjIjlJJ L$-j_L_a Jl__ 4_JL_Jl L£L_*__oLjj__JVI Jx-s-j 
Jj_*J^jLkJloljljdl-JJjj l^j-j^l-jlj^lopic-JjJ.SjjJlo--» 

oLjjjj_jyi _J__ ___ 4_S__ jjjj jj_*_JI I juk (j_. t __ijj .4j_».j_a i_I'itiii 

oL___J 4_j>L>JI olj_*j_!l jJ-C ___ 2_s__> LgJjLaj ,4JL_JI oLif miII olj 

ijjJI j_a_l i4_j_>JI (_,_ ĕjJJ- 4jj__) 3jjj>J,I 0_jj__jyi ^__i J .4 JJ>-J-a 

Oljjj (_£j_>-loljlj_4J -^-J oL_* — _JI 4^j_a olj_>__ Jl>_ (jl (^JI (jjjj— J 
.3j_~ljJI (jj_jjj__tl 3jjJj (Jj-Ij 3jjLs_a 
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»-_JI !*,!*-_ 

ijju- _)L_ - '<JL_1 SjIj — »J1 _l >.jjJ _>_>j__JI jIj-*- lJ J-— «j 

lfl"l"^l ^l — lj_>—1l (_9 La—ljj» _Jj___ La _,L_.j____ _Ljj___tyi 
iSjuJL*. __1 j-*-3 uk^ljj 4 _]i_s iSjjJ_>. (_"j->.i _-l j_*_- !>_4j j J "■— *t 

5 j>Lj 0.?-- — '-^J • LJ>L_-L __l — jjj__jyi _jj_>.i -__ j ..v--.- j-j— 

___ J"i jlj "~ i irVI (-_—"■ _>_> 4JL>. __!l i " 1 1 "" 1 1 J_i Jj_3jJI 4u li SjLa 

Jj__>jj (jr-"y -^- a L^jljljLo __Ljj__JV 4_-jl_J 4_ljIj i£jj- 

.(^jj^LII jLUI 

tjjj__VI (jL_a .o!vL-3jII «L__,i J ___L_J "Lj_J1 — IjjJLJI <----j 

4-j_>- j-« 4 it i"i J_j->_ 3j J r' a , 4 It a __jlj _) ^ * J £J— >JI jljj.1 (j_a jj -»-"i 1, 1 

__lj_t_l jj_ _;jl l_u _= _1 __JI _, 3jj_>JJ _l_jj__JVI jJ-c) 

-ju_. j! JJ--JI jjj — — jyi _>___ L^jJI __>j — asJj (4__- — _l 4u_wj_« 
4___j_« 4jJ_Jj (jj|j__yi 3jj_- JJJ*-4JJ ._;j___'l __l jjj___WI <%_« 

_Ljjj_JV I l_)L_. __1I 1 jJ_j J^__ j_JI 4^__ L_ jl___ 3jUI .^.l- _"l 

4 jiij^ (___ jj___JI I Jj L__ (jjaj _, 'j Jjjl_>j_JI _>_. 4J j j i ii I, I 3j_vJI 

4ju i_i_ sjjji _,_£_ 3 j__ji _jLjj__j)?i (j-.ju_i_jL_.jii- 

Dopants ___1j _. -_-L__-l 3j_L_ __«._>. L__ (j_aj .jl ____ _-VI j»___ 

L$j) 5_JI — _u — __Jj _>J4-— _!>L_ji.l -L — _,! (j_a _;j_-i j-__.l___ _, — II 

-_i_»-j--i — I J J _- L$j) 4 J->-J--> 1 — J 'j> Lj J __Ljj___VI _, a (_>_____ 

(j_4_J LsjO (LgjJI 4 i-r Mlll 4uJI _y 3j_>JI L_jLljJ___iyi L_lj_>U 4 i •» Mlll 

(___ _)j_LiLj_JI) _v_1_l_ Vl 3jU (__jj^_JI Jj__>j_J1 4u__>1__ ju-4j jlj o" ■ 

.(4JL>JI aliJt 

L__ilj — i 4_aL__l (jjjJo _>£■ o j^.b — 6-" -^' — 5 J>^ oj^j 
As ^jjjj\Jlj P jjjs _uj_JI Jlo __>L__jJ.I oL ii(j_-jljj» j __>___ 

Lg__L_jl __. l__jlj_II (>j__ I _ i M n"j .(jj^jlj -Jl (—11 Sb _)J oj"j -'Ij 

__^_ («_ (j__ ~j .4-L-e __JI 4_J1 uu 3j__JI _ljjj__JV1 ___ u — 3 3j_3j 

>a jJL LiJ >»ju« Negative-type doping iJL-JI l___1j_IL u n , „" 

jIjj» L^jj^ __I1 . j __Li_JI _U_ jLii-l dl jj--<j -Jl j___>.j-jj N-type 

(j>— -Wj-') uj^jIjmiII j_-— (j_- __— i j_l— i _l j l_j>L__>jII «L ii _v» 


248 


^yt 3 mi»-- -SJlC J---_ LgjljjJ 3j-l--VI -jljljjl jl ,____J Lfl-~ i(j____!l 

4juj\ _jL_ '(jj^jlj -Jl <_J1 ^Hj>II 3j_L_>1 .iicj . j_l__JI __Ujj__JJ 

jujjjJI SjjJ j_p-Vl jIjJL 5 mn^U __Ujj__J)M jj» _____ __Ujj__CJJ 

U^J 4*jjVl oj^lj.nll __Ujj__J1 -__ _J j___3 («__i_2 - 12 J__JI) 

J*_— J jjjjjjJI (jja j_- J__lj (jjjj_JJ n jjj I «i m I i4j o i»L-j 4j_uIj L_a 
J___J1 ___ -i__>jj» jjfc l__> tilajljJI «jufc ,___i -JjLiu V 3-JI _. 3 i-r- 

(___ j__.L_JI _.ju_ -uljj 4j ^jaj _;jJ1 jjjJI <__JJ l cj^jj .(4 - 12) 

uLUI ji _jL__UL u « ■ L>ips 3 ; t i ...t i (j j< : ij.-t l 5jjL (jjj^; 
(«jjj .__Ljj__J)?l jcia <___ J 'in'il.1 Ltjjj <__JJ I jJ_j _J Ijj iDonors 

(jjj 4_-j_i__l.l __l jj____jjlj_JI j-. £j_JI Ijuk «___ (j—jj^SJI Jj__>j_J1 

3J_L>JI __Ujj__J)?l (^LUI _JJj J}L_. . 3_JL___J1 ^IjjLJI 
.3_JL_JI .-. I r..\\ 

_isL__j (P-type) Positive-type doping 3 5jjL ,j__jj__Jj 

Jia j\____tl 3 jjMj — j>4 __jJJ aL il j-__ L__ (jji jj__ t__jl j i 

(^jj ^jjjliJI 3jj (_gj _oj . B (jjjj^" i' 'Cta j»j_jJL_l iln j-j_jj_.VI 
_JjL___. («_>o> 2 - 12 J______J1)__Ujj__JJ 3j}Lj Ly _ J _p.Vl UjIju» 

3jj>-jJ.I 3_uj_M _Ujjl_yi j-o 3 jo aL_ 3JojIj <-L__J <___ I * -l o _ w (*4j 
,>-.j.(5 - 12) JSL__l^jjk L_ 1 jjSLL ! __JI SjjJ J_.__UI jIjlcj 

jja-j __JJ j-j JLiJI 3jj j__ i«uJI _JI SjjJlJI (jjj_ (j— « _>-_■ j__J1 

L__jjj .(jjSLL—JI 3jj £-a 4jjs_I ___ II 4_ojIjJI 4j («j_J J_-1j _iJjj_J1 

j»jjJL_l 3jj I jj_-VI jIjJL jMjia _>j— -j 'UJ>^)" '•j-* ^r 1 ^ u- - £ 

-•__»_ 5 j -ar ii 11 _>Ju_j .4jj>-jjs 4-Lse i_ Jaj»o (j^JI Hole 3jj5_JL _jjj 

_JLC Juljj j_aj . L_>L*-J i_i j_*_J ^ S^JLu 3__e__ (__; j j__ (jjjuSJJ (__JI 
(___ L_)jj_ij jL_JI Jjj_sjj (__-_ LjjjJ_) jljjj SjjJjJLi 4uj»-jJ,I i_jl j-_r lill 
- ■ ■ ■ ■■- \ * _j^L_ojJI al j _jf j__>L_c _ _ij_jj ■ 3 _■ a- j 1 1 ajjljJL 3J L>J I ejjb 

IdlWil 3 j__JI __LjjJ_JVI UjJI .-jj >J y_H __lj*_JI a ju_ Jii- ___. 

.Acceptors __>L__J.I 
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w . 'jj " j "**"* J^*- J ) '*.' -ij~"j 'j •••*' *jj 1 ; ilg ;_' w , *j***~~' p ' j ~ ***) J c ■"*' 

-UjL-w» j|y_jjL»JI SjjJ 4'i-»-i*itl i__JL__/ j_». OjtH 5 -*! J J-*-J JJ*-»*. 1 J"* nitlj . L__i As 
|«J : j-U_»XI) j_-jjjjj*lj jj*"j'j mtl _*j i<-'i* -jlj - jjj 4_»j-_J I "tjoitil ■ nl T I SlajljJI ____> 
.( -jUSJl I^l_U>4_o_-Ijj JSLL-JI ,->j„-.i 
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__Uj_J1 ( 4_o.jJLIj -JL__JI ) -__t__d1 CiliT All _-1- __ljj_JI j__i 

__3 _)j-_J 4 ~ r n^-La £J— >JJ '"'_-*• » jjjj-jjljJI I jia i__J_jj t _ = ___J I 4j i_jjjJI 

__-_jjj .Junction Transistor (^L__V1 jj__j-l jJI (__*L _iij_«j L» _1J_ 
^_Jlj(^___jVI jjl_j_ljJ1 CjUj-I U-J-j-" U ,._(6- 12)J_L_JI 

:(___ <__ljj_4 4jj_ __J_ t ij_-J 

_>_ (_*_<JI 3___ij_- 5jjL j_>j .E j_ojJL <J >«jjj Emitter ___LJI ■ 
j j___a jj_«j i_.j_. (N-type) 4____J1 4JL_ _j>L_>jII _L___._ 3_L_ 
.___.j____VI o-LJI 
cj>I__>jJ.I uL__l 3_Lt SjjL j_>j .B j_ijJL LJ jj»jjj Base 5j__L_JI ■ 
£**Alj ___.LJI (jo jj—sjj (P-type) 4____JI 3j_wj_ (_s_-«J1 SjJ__> 

. L$Jj_>. > jJjJ.L 4-juJ. I —jLjjp-JiU — ^ a i i i * 

jji. _ I _J_JI __ jJJI J_uj .C >jJLi 4J >jjj Collector ^il ■ 

»»L _il (jJ> SjU, 3jjL _>_. 3jl ±_. J-bJ (_JL_U VI jjii _j_ljj| (j— « 

_j_jj__jyi ___»_ (N-type) __«__JI 4JL_(_a__JI Sj-uS __>__>jil 
.(___LJl) JjVl jjW^I jJI _ij__ 4j__,__l 

l__I jJ_>_ 4_Jjil i^jllj 4JI — _JI -jIj^JJI - _ujj_ (j^ ^^-ill _____j 

__lji_i t__i-j_ (jl^ iNPN («__L 4_>jj__l,1 __ljj__«jjljJ1 (j_j (JjLJI _jJ1 
Liaj 4J3I jjo! _J__ PNP (__L i__jj__U __l jjj ..jMj-ll <j__ j__Vl ^jJI 
.P-type .N-type .P-type :( _J_iJI ^j-J 

__Lj__ <j_ — J __>__> jjl -J 4 xoj£ («-»■» 6-12) J_! — _JI (jh jjj 

_nlc.jj_sjxi _j^L_ojJI _>- —jj (jj» (jjS_ij -_j_ej NPN _jJI (j- jj___jjl jJI 

S___l_yi___.-Jj_ 5 j-__J_Jlj.Sj__L_J1^ .j^U lj_4_> 

___ jji-ijj! jJI __« — «_jj n-jjLuajJI > JaujJI I juk __JJ Lcja.jj . j__allj 

(BJT) Bipolar Junction *L2JVI _____ __.__ jj~ _jjl jJL SJLJI , j__ 

i__ljjj__jjljJ1 (j_« <>jJI lj_* ____ .JS! _JL _ryy» jj_ L_j .Transistor 

.4_)_J1 ^Luj» __j>^ On/Off (jLc ji JJui- ^L-La J_uu B 3___L_JI (»j__ 

4_»jL5j» _Jj3 __9 B 5j__L_J1 __II E i__cLJI (jj» jLJI jjj_a i.i. <__j_- 
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jLil! Jjj-I. (jjj-k (jJ| lS-^Jj E iii£.LJIj C £-«JeAI (jrt — J 4 

^jLjjjJI (jja jLjJI uLz uJ-^JiJ 'tii* ""Jl j-^j cr^ JJ-' "«Jjljill (jjjSLiJ 

OjS^ ^iJjuj E ox.LJI ^JJ B SjmLUI ^ ^jjj^ ^jjl ^Jj B SjjlLUI ^j 

-Jlill J-i^J Jji^jjljjJI 



JjjS Sji 


JjjS SJi 


i -L- + 


C JLJL-JI ^lj^LJI LJljjLHSjyi JliLil i^JSj (^) yjLi-ljJI ^UnV ^JbjJaiKJ 
i >jfl'il (<u :j i i<MI)(.>.) B a-LcLdJLiSjj^j.^ili^.^M CjLcIjJJI j_JI>o J Ej 
.(uUiJI taA iU^ JJL^JI 
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M|_l_t ..I 

4__L___J 4j „,L_Vl SjUI) -_}L__jil *L___1 _lj _ «___.}l_JI u! 

it-in'"! i 1 flj V L_ijL_j| ___ ^-r-itl j 1_ JJ~JJ SjLcJj (i__ljjj__jjlj_JI 
(___ J j i ^- JI _JJ i 3 »flj La jJL_j .j i i«-»ll 4j_bL__a jljja __L- Jjji__JI 
I _1 iY>jj -JLjjij _m_I ji. 1 jji» j_Ij_j "j J o"i « j 3-U J <Uj_jjjSL5I ~_-Ij m, 
__Ij-__JI olj <Ujj_JI _)L_LaJI _)L>Jl__a (jjs _JjJ_>. JL»J 4_l i i r-t T 

___. <«J Sjujl*. ol n„- Ljjl i,i"<l _JI ^jJj SjUI j Ju-__ .4__jJ_JI 

(«J (j-ij ii__ljjl (j-a _rtJ_»La 3jL*j LgJ 4jfln.i,!l 4_~l — _JI 3jbjJ 4j«j ,lr> 

J_klj3_p__* l __}_. _.T j_u£____Vl _j__ L^ljj^ JjU^ jjjj 

4_L»L_ Jj ir-i'q ^yS Lij-iil La_«j -jj« ir»"ill 5 jUr j»Lcjl Jj_> 3jUI oLlus. 

4j__,L_j JoL__j ,j-a Jjjj -J_, _j_M 4__l ___ SjLjj _.!_! .i_il__JI I j__ (j_a 

« ___ (»_*_- Vl 3jjj_> ljU> Uj-- 1 ^--> jJI jJ- Lj__l I jLa .3jL_JI 

j$_i IjJ ,4-i J_j_-j J — aljc j_» J_-L__j V Jjjj j _J 4j| J_>u I ul_t 

_;j_ — __a ___ _,j__J <___jJI ji_ ul n i-k i__jj___ L« I jl 4jl Jlu . J «Li. 

j» jV"i ...'i ^a I jJ « _s-(__._j I gUj . ^n _Jc J_a_«j <_1! i _,L_ . j__LJI 
_U-Ll3 jjL__"jj _J__? (jl j_> (jj_ ___ jjjjj __« r__jJI ___-j 

(jjJ IjjjS" _l_ . JjLill I J»Ij '^~» Sjjj j»L_J CJJL^a _r— I 4j_I_JI 4 JJJj 

>.<«"-J JLS jt LaL_ 4__jjj_ jjc cJlj La j__LJI (J— _-3 j — -lj_JI 

jl jil ^ja-v (jl J— j i — jIjj I J_jjs I Ji_-Ij I jj _ lJL_ ji Jljj . L_jj 

jljil 4JU- .4j_j — _>_JI _JJJJ _njlj_ U— JJ>- (jrS JJJJ V 4jjj_l 
(j njlj pjiitl Ja _j"ia (j_ L^J 4 ij« 1,1 (j—l j_JI jOj_ j . «"» i^Lsjwj*! ~j j 

4_jjj_ll jljJLI < _>-_lj__- a "" J-^ 1 i>°j iLgjl i j.»- - _:j — 3-| _—>'>>■ _Ji 

i .l lr»"ij _JLjJIj I j_J i3j_- _,_- 4jjjjL» 4 j m-w J_ _>_l ji- (*^— » (j-« JL» _* 

_Jj ^j .Quantum Theory ((— — -I jSJI) r_JI 4jjJ_J >( «_ U^_ 

1 fl 1 « y» 4j*Cj , i'M—11 _UJJJ (j — lj_ — j-r m"i i "i^d? Cll ui J _-jJI 4jj Iriill 

(j_ I^jI ij j-- jLul J_j 4jjj_JI jljil (j- j~ , „ a (jj— (jj iln~U "UuIjjj 
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__i-J (__jLijj_l -rtlnir»a (jj_ jj-j (f> Ytlj-JI) ,«_JI 4-«__j -j jjajjlj 100 

• La ni 4_j_»o jt j_j — i-__J 4 t j~i i I fljlf J in-r i _)l _) _. «J 4j__> jJi-i_- 1 

_>-jJj " " J£ iiu 3~,« ,;tl ~_jlj_J| 4j__C jljJLa _>c j__JI j i « j <i< jj- 

l_)L^jj__LJ}_) _Jj_LLtl _j_jj«JI ^oSJI 4jjJ_j Jjljj . j^a" — i__a j»jlj J£ — i_u 

ld<r ____. Vj Jjju V <-m-_ <_jjA-__jJ.I i>L_lL 4____dl 4jJ<JI <_jj__JIj 

. IjLJJk- 1 ei tj <i~i 0}L_-jJtl oL_it (__yolj_wj 4jljj1o |H j ii~ 1 
1 ^1 K j.- ,j_s j j i nrtl l <__j-JU ( *flii"'> (jt I — ___«J .j-JL~u La jLLJ __3j 

Sjirt~<Va "jLc (___ 4_u_»jj Quantum Mechanics (p -/.!_,< ») ^l 

__3 J o~<«J (^jL—II *Ljjj-JI (>9 ^j -tl <J_J j 4j! ___£ 3t-j __L_*]_j 

4 mljjj _y< j -~ j ^"oj jJlj i(j__jlj_LII) ^__JI 4 jj-Lj <_—-"■ -— 'L u/LuT 

JL_CJ .(_, JJj->.tl ._JjJ_JI .(jJjjJI L_lj_ __- JL_- «jULl <_JjJ u/J (J-»1j_- 

V -J__J1 J ^j-j-Jlj .~-U__JI Jl« __L_LI ^lj^ ■■-''_ ." •"" 

_-l m.i — tl jt J.L«-Vl __1 j jl jll <___ L__jjLa jjfc U_" <__jLj J J«.CJ j_}__3 

j J.<«"»tl 4jjLjj_JI (jJjJJ _-utj_) 4_»i) <____> jj _jjJI (j-_>JI __-J • 3j JJ-LII 

<____>j ____ 5jJ__II -jjJ (_-J1 l_Ljl<L- _,l_i iSj-jj-JI <--____-- -1 4_j_- ,j_. 

jjjajjLJI _;j" i n< _-_- L_j_i jj L-- jj__ > La__>j olj jJlj oLbj^>JI __)j_-__> 

.4jj_ Laj J_-ljJI 


Moore's Law jj-jjj-ĕ 

-jtj'<j~ _JI < ni^;< __a Gordon Moore jj oj^j^ -<_—>• V 

cjLj j_L_ --LjJ (___ S>4ji j_£_M Intel J_jJ 4-j-i - 4__ >_. ^.u^lj JjjS j 

oljjjj-ujjljjjl jJlc 4i_L-u (jl_L»y I __9 4j| iL_ilj-i-_ .' ~ jJjj i o^tt 

Central Processing Unit .(CPU) 4jj^ ^il -JL_U __l j_-j 4j*jj_i (___ 
(jr__a__ JS" Processor -JLil (^.l Uj__ (Jll-J j.^-.y-. L 3_L_ ^l j 
j__i — l_1 L I jj 4_l _-_>JI i_JJj ___ _j!j j_)j .j_^j_ 4_U__ _)jj (j_a __J jj 

~i_|j__, 4_)__T _)La '4JJJJ 3jJ i nl _ljljJJjjjjlj_JI JJLC __9 I flf I ir-wtl I ju_ 
jjtjjJI CjLjj^La Ljj_La 50 J-eJ < rtjtlj __a 4 o J.V"< __ll (jj^jlj mtl 

L__JJ 1975 r L__JI Jji-_j J___J^j_i__j__ u 4_»1<^I 4^jj__LJ^| 
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-;___ _iVI I ju_ __>j-ljj . Sj_-I jJI a jjl jJI __3 _)jS_a I 65 ____ j__ jjj 

__ljj_jjjjlj_ll Ij— u mi1,I _JL_Jlj j j i" 1 1 ___ J -V" i_j _;_JI jjjs (jjjLaj 

»_jI — __- ,__ _.jjL_JI I j__ (____ j <r<r I jjjj .i_< i_L>JI Sj$--5 __L>JL_aj 

3JVI «___lj_JI c_L>Jt__a --__y 4_jJ_^3 Jo-.^ll ■-■Ijj" .-jM j_JI ____ 
.(7- 12) J< -Jl^oru^j-, U.,2007- 1971 _v-5j__JI JM__ 

i_jljj___jj|j_JI jjlc _)! -- _____! U*. ,jj_ jj.1 J< _JI __|| j__l!Lij 

3_jjil 5j__JI J!>__- ________ j_j l_Ij_-JI __L>JL_a *-__l (___ 4___,jll 

. Sjjs (__Jl 250 j*- ' 1 

j_Uj( u-.jjjiS. _jl_ S-JM-it _jL_jl_tJt _L_! (__ ^bJi (J ____Ji 

L_j_)jj (___!! 4j3.l_jVI __l — jj__JI _>j_ _v_ 4_i ,___. ._J i 4_»j <j_uJ« 

(jj» (_____!! _Jl_JI 1 j__ __II Jj__>jJI (j___ll _>- (jl_" La i jjLJI Luw jJ j 
l_--lj_-l (*iUV"i __-!lj iju-ljjl ~JL_U __- 4_aJ_*____>l -jljj- i_jjlj_JI 

I j__ _j>-jj} • 3j_-j jLiLLI j_wL>. «2 ^jjjIjI J _jl jj_^ — Jjjj» — . IL-LIj 

4___L___a _, «j Ji__ljJI — . IL-I.I ,___ ■*'__' ..jMj"tl j_a j_3___JI _JL»JI 

,___ 3 l"<l,l 4jjI __>JI __LAa_JI *lj_>-l __3 4___ j __ (_, _L>JI __ljj_3 

jj__JI 4_>JL_a _, 3 4_lj__) 4 __.L___sj t 3_l_>-l jjl 4_jjl_JI (j_a jj __. 

tjjLiJI Ljl>.jJj___ __Lj__u £j>j . 4jj uajJlj 4j< a _JI ___L_ujJI < n I" a j 

__3 4-a, l-»-"i i n 1 1 i_jljj_j_ij_ilj_Jt _lj__l 4___Lx__a (jjs Jjjl 4_j _j i . i i< a ) 

90 __!l j-jjJI __L_»j (__-ll i L-jL-j! j-i____j JjjjJ- (j_. _U_J _-l >JL_II 

(jjsj . IjjjjjjLj 130 (__— _ JJJJ (-•Ij^l 4 i ii n*_ j_La __j_T (jf Jl*j tjj_sjjLj 

-JJjj IjJJSjjLj 50 (jjs J3l __ll --IjJJ ujjljjJI jL-j! Jj__i _J j U~il,l 

ja" ii.U j-JLi-JI _JJ_ (j_a ^jJI ^j . 4_j_dl 4jLi_JI __lji ,„tl J>Li. 

_-L>JL_I.I 4__L___ I j>.jjj___ (jla n_jl — *JL«J.I j JpLijJI 4__L___ _, 3 

_3JU U_s ^-jjLLI Ijj_IjJ_Jj I — AJjJLa- 4jl4j __!l Luj_l J___ _j 4_JL>JI 

Lj*jJj___ _L-_j)? g_l j_i-Vlj j__V- 1 _--J! -^jLH--yi l3jLs jJt (_-jL__ 

Lajs ijjLLll LjjvjJj__j __Lj__u _____ ~L±__ ĕjjj_aj J _— 1 4JjJlj 4 j_ I i 1 r-> 

__L>JL»J. 4jj_J.I Oljjii _wjjlj_JI (jjs ji_4l _lj__! ____ Jj ____JI -_uj 

.4jjjj__J)/l ^lj-JI 
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; c^' ._. ! 

,____>_1_ J _^L_~_)lj^^^ (7- 12) JSLUI 

.2007- 1971 __**j__.ij;_i. 

.(^L-UI l__> __J>. pioi^l'. _-. J___l) 

Lithography £___•_*) ____, _rhfc>t) 3l>_-u 

• Lithography »U ____ 5^1 .Uii ",_;--. _,___ ____»_ _,? j_ _, 

__9 IjL__jI JjjJaJI _. i_j1j _j_l _-> lfl.ii.-jj _d Jjj lfl"jftL- Li____jl <",j-_ 

___*• ( -l '--" ■ 4_.L_jjj . ~L_oK~iU j_l J_Jlj — jIjj" _,j_lj_JI _j : ■ -->" J— *-« 

fijo in" J}L_- _*- _JJjj iLg-Jj-l J-J 4^jjj__jyi -jlj _JI _J-J i<Lii_jJI 

J f __l__ uUii Molds i_Jlj_ jji Patterns -jU_ -JL_, _J_. Masks -___! 
l |jJ. c _lj____Il ______ j->j~_) ? -^j- 1 -LvVlj}.*'i j_r. yjM-j-U J< .';.n 

4jj>_> _jl>_ ^_lll Blueprints 4j__L__I J__l j_-JI SJj-U. --.Uill ____ ___> 

.— jlj__JI J___jj 

j liin _h» 4_oL_ 4-u jm— 3 -L* ___' 4 o j o < r\~ J_u -- jj—wJI IrL—S _t_>j_uj 

(>~ Substrate (4____) -j—j-j <_J__ _jU_!l _■_-_ . U " , „". __j__. _^j--> 
3jj__> (jj-_ _ («3 _>-~j ,-t-lj— — Jl 4__L___ ___ t -r", , „" _,_!! _ij^jlj , „11 3_Lo 
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J*Jj .(8 - 12) J < r„\ \ <__> ir-ui jj» I — .--jj-UJI J-_>-M j_ J. 

i_jjj — „,^1 i_U_j d_i___JI ,___, jjjj -ul __JI _J J~a ,U-->L (<u>_JI tjj\ -Jl 

_>__»JJ _)l irtnnW _ya j-u£ JJ----> l -- l JJ — jjj-JI j-Jo ,___ J-j-U 

_jL_JI 



5-. i i-=s'i,iU Lithography j-O-Jtj ^JJi -jU_; i :(8 - 12) J___ji 
iujjJiiyi -_sij__Ji _Uui 

.(^jUSJI ta_> __JjV« j-. JS__JI) 

Nano-Lithography -J__-iVi ^-Lc ^rijhti ^ jjLJ) a_i>ai 

«_-_-JI ^ 4JLUJI _jLJj>£J)M --LuJ __l_j___i, 0 VI ^Ljj 

L^jJjJSj , rljkjj _Jx. I fl"n"l 4_3j_il~ J_l uj jK"i i _* i__Jj_-_JIj 

(__-L> -_>J-J U-o .--ijJI i-uli) -Ja l_ VI ____. 2_uLaj_JI -j-LUI (__3 jjLJI 

Dip Pen Nanolithography (DPN) (J _,j_J_LI ,J-_L> -__LJ_JI ■ 
Thermal Dip Pen Nanolithography (tDPN)^jlj_-JI JjW (J-JL. -_-L_JI ■ 
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,___- - <jf±-\ _JI jl jjLJI __1_. - JjU.1 (dilLi 4_.LJ_JI 4_jji_ JL<-__j 

4jjjJ| s___UI Mijj^ja Probe Tip (_,-■ jL ■ ■■« __jl_ ■ ;. ; U.y. 

jjIjJJL) 4__>L>J1 SbjjLUI J-L^JI *Lu (__ Atomic Force Microscope 
Jj-j-j ^ jJTJjl _JI >j->JI i_fl!vLij jL -Jtl (_____> <-._— S—jjjj^Sjyi 

-Ijil J_-_J1 _j__s _,jft_ilj...ll |>iL9j -Ja _J jL-JJ i_aJ_ JL_C 

4jL__JI (« l_Li 4_jj_JLIj 4_ijJI <LJL_ -j'.s-tl fl j__ j_)^jj . a 0 1_, Jj__^>JI 

4jjj>>JI jL--Vl _____ _,__ 5jj_JI Direct-write Technique 5j iLJ.1 

LjItLJ- S_l jll 4_jj_LJI _l jll — -oj_>- _, \c 4_jj1>J,I Molecular Inks 
.<uk. Jj___>JI _l _ai J___JL j_l__JI -^k-ui _,__ 
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13 


I nlj->. Sensors _jl — _-L_>JI -jj— _ 

jtlntii jSJU LgjLal jjej — •! i~,f iXlj 3j_— sL_U 

J__j ._jl_L__JI J__j 4,^11 oln,,U-H 
j_,lji_!l Jjj»- (-1— Sj j.inll Sj4».Vl »JJt> 
Sljjtl 4 '. j i « olj jtl 4j_»-L-JI 4jjLjji!l 
.IjJ .Cjljl il (jJJ l(j'ifl->.jjj4Uj-m 

I j : . j£L«j jLa i°iri ■ .tVI jl (Jj iill 

.JiSI ,.,U Ua j;» ,„'4 J\ f bVl oj> j* 

L»_i3 -L^l.___,lj 4__JI j--lj-i (jSLlj • Jj»J.lj 

I. |TJ t_jL_LjJj CjLajlt A jj3 CjL-ul I ,,^-JI _J_JJ 

Ujhl jjbj Vlj 4___,l_ 4 j ,„ l,„ r , j! ^ oljL ^ vl ^ 0jU 

jo^jiUi.^llLji^lJjU.aini^UujaiJaiL jl>_l JL--« ^ -_-JI>-ll 

" " _j_.L___ L» jjiaJ __JI SjjjUI 

6'(jrVy US.4jjLjJI^_^j5jljj>JloL>.jj ^>_« ir _: ( ,Aij i> , (ii ji 

L»J jljjaj— « i«i^ «d M ,l.i. -> JI--j | jj-j ^ >l^n^_ 2^1 Ull. -.1^.-11 

r jL__loljL^i4_ J L_ aj J__>^^5jj_JI ^l # »i_y^u J .*j«J a ji 

.4^a.jL>JI Jj. ,V.II— Sjj— j^j.— ^j— jljljj— >Vlj i_a)j>ll 


259 


— i_u__>jl <» <rli,r->J jjLJl Ll-w jj* j "i 

__j __. j U ,1 , -,, „ _l JL»_« __, 4—1^ ^ jjLJt L_i-«.jJj__ _£_ <__! 

___Ji_ J__> ,4_J__JJ jl t i',i'i i ..VI Sj^-j-ij l_I _l 4_L__ (__) Jl«_ll 

5j^>-i (__— L _VI i--j_-j Lj £_ul ,__. 4jj__b_l oU-jjtll^ (_cjJI j-JL-JJ 

oL_^j___(__i ___i ___(__! Nanosensors -ujjLJI oL_,L_>J1 j jl__-___ _ I 
jljJ.1 L$j ^uCu (jill i^jliiintlj _>_>lj_Jl ___ j_<__ _JL_j .jjLJI l^jJj__i 

J_j .jLt ■ ■ "VI JL--4J jjju—i _i_l __9 4u_>Oj__ jlj- l_U-."j -ujjLJI 

I _"< a K"i (j_jL___jlj L$jjj 4__i.j — jL_l , n-sll i__L_ ^L»_-l jtut _____) ^.j i „1 

5_J___j 3 «_a 4j_jJaj l-i-Ljljj __9 ,---*J __i L_jL_jjl (__ 4j»J__yj 

4jLc jJI j i_J_JI ,__-IjJ.Ij *l_JI JL»_a ,i_i,__>I jII j J__JI Jb_<J I jiij __ 
_jL1__JI .<-_aj_l _-aVl .2-^1 4j,;>____!Ij <j_aVl .4__,Ij_-JI .4j^uJI 

_,L_L_>JI ,j_j_ L» _JI Ltj^jj o_L_Vl ~_jlj __jJI j ....I I 

_j_jll,l jj_jjj 4jj_ J jju>_ (^ _, _uLfl (j-«jj 4jfrl i"i« 4_).j __a 4jjjLLtl 

__fl L__jl ____j Jl_3 _Uj — t I 4jjjJI __ 4jju_LJIj 4jjjj<jLI 5 _'L-_Ctl 
j-_u (jl j lYi i 1 1 (j-~J .4jjjjJI jL___VL jjjjJIj _,1j itl jj_J_JI J__j JLs_o 

(jjSL«jJI SjLjjj 4jsjl5jJLI 4jjj|_JI jlj_ll -Ljl JL*j» 4l_ljill _j_4_»JI 

(jlj jL______ _ I 5j4»>t 4j ...Imi-j 4_>_ jljjj ,ji .SjUI — Ij Jli -_-c!>_JI (__3 

_j_ (jl J_-i 4_jjLa uU_« jjLJI _jL_L_>. __seu_si J_j . LgJjLte_-j J_j 
_jL_.L__-JI _1_ , JLll Jj, ,„ <__L__ .4^.jJI l_____uL 4_L__a _VLv. 

«-.y. ,„ti ___ ji ,4jjL_ji jljli v IjjV ^i -__ji ^ l..iv- ...ti 

-.j.n - *L_i (j~ 4Jja- La juj__ L_juI_ SjlcLJL l_ij_jJI —iljLu, __i 
4_ jj_a _i!__j ___l jll __ 5jljii.lt 4_L_jI 4jUr. *L_! __) L^j j»L__jVI 

Jjjjj . jj_jJI (jjjj^ i_j»j 4jjIjj>- 4j>.jjj _Jj_>JLI — jj ii-> i_jLLu Ju_>jj 

j_>J I _!V-L I lfl_ii«- j.^L<j(^l4j_jUli_iL_li„-Htl(j_J_L- _j_u _jlj_U_JI 

<J\ 4_jj_aj ,5j_U_JI ^LjjjIj 4 j-wjLiJI 4jj»JI JjaljjJI _J_ _9jj_JI ____ 
Jl^ — j_ (ji Ljj_. __u |jj .5juL_JI *ljj>-i JLa-i (__3 J-_J Jl_ J__C ji Jli» 
Jji __JI 5_Lj _JI IjJaj _JJjj J_slj_LI jjj_tl l__ CjI _il iii-kII 4_.L__ 

.4_j_jji _jLjjj__jyi ^ij____i juijjj ^i 


260 


«jJUlt yUUi! 

4jjjLJI jljjl JL-** ^Js 4-JljjJ.I <;L*UJI L-jljLuajjVI IjL^» l-J-sI JLSj 
dil inl , i_juJojj (jjs Jjkjua iaj j»Jjj jjs (-.jJI ajjtLSii La Jil>j (_JI 

jjs | ^ i-wLuaj Jl3 I aj t4jijit-.il jjkljlaJI __ji 4jjLlaJI l-jIj — Jijll J uojJ 

jjjjlj SJaj^JI jui.1 (jisjjij 4oijK Sjjjjj L$j-.jijj (Jjjj ijJJjj iSjjsJio l-jjIjS" 

. Lf}C.jjij Ju£. Sjilinll LajLjI <jo JL>JI jl . L^jjaj »lJJI. j_jj uJI Ji-JuJI j! 

djiLLuaJ ' I ■ — * 1 1 ^JjjJ ujl jaill 4-uL-cjl 5jj) uaj I j_A (j ,i*s«"il J jjj 

j»L*Jlj SjjLia ^LaJI IjLA Jjloj (jjjJlj "-- J ' "iLmjJI jjs 4jsjJjjJLI 4laJI lLLLj 

LdJj-rjjJjj A-.r.pt Ljjjji (jSL («-_La ljJ.%21 jj£l ^_JI ,^_^lll 

l_£ jJI oLljjJI («-->• (^yS I a^r ij-> Lajjj 4 nn-r a .(«JLiJI (_gj~i , u a _;Jj£. 4jZ I r m 1 1 
jt jJajJjJ Ijjk .2008 f L*JI ^ jVjj l-jIjLL. 4_jMj (>a jj^l Jj^j 
l-jIjLlL 4jjL«j j-j-ej (^JJ Jj-aJ 2013 f LJI 4jL_j («SjJI I jjfc *-a£.l 

.^j^jLUIcJ^j 

«Ijl«jj*I ljljjIo JLojJ AjjpUJl ujLuLwJitJ! 

SJS[ Jujs 2jj ,>..llj 2_M_.._<1I jljj.1 SjjtjLJ «IjjJI lLjjJj 4iSv uVo JaXJ 

*jLA(«2Lajj L>S".4jj-.Im^II (jl I LJIj jUJIj JaAlJI "rLul (jljjj ^Sj j.< 
I jLjjjl _JL«j ,_^UI SjjijJI j 4_aoL<JI jl JjJI («iajua ^yS 5 jjiaJ-JI 3I< All 

4jJLjJI 4jjLSL_JI 4j3Lj<JI jLLLa fj& Ljj=.jjuaJ-- i(J jL<. lJI jaJI JSi IjjJaua 

jj-l-JI Jj15j J>-l (j-oj . 4jj~. LujaJ I ^j^JoLjJLI Ja-lj *-Sj jl 4 a - ».Lxa jjSu (_yjJI 
^ (_JL_JI jjjkJuJI (jjj JuLo j-Llj (jJj-usJI Lj9>LiJI (_ya iijJjJI (j£. (« — -^LUI 
jjjajj (_JI 4j-tlo 4>.L>JI i-1-rjir-.j 1( «JLJ1 jjo (_Sjl>-! jLLLa ^j JjjJI LiLLj 
JU-oj ^ LijUjjlSwe[j I — gj-L9l J , m a ^ — JjJJJ» iojLalo 4ja-jJjjSLj jj — Lj 
4jjjsjVl lIjjJjJI 4jjjlj-a j_3ljj jljLojj VjL3 VjIi_jjJjJI l-jLjj' i,io4juLjj»j 

Ij.l^ Jj. II Jja Ua>J L-jLjLjJI LiiJjj 

oljLjJI i_al im-*^Ij Jlloj (^ 4-aJLjr'i. ill jjLjJI Cil—ul m-. i~.jt^->. JJSj 
I jJij oJJjj i4jjjJI JL-t,a (jjj (j_doL»JI j (j_Uj>.LiJI aLojaLi uJjj>JI «Ij^JI u,a 
(_, i <y*i 1 1 JjjajJI JLstjs (_yj3 Jajjjj jjjuJ j j \ri i 1 1 4«lriiiio 4-3J j-a «jJsjj La (jjl 
l_jjIj<JIj jjjkJuJLj >jjjJI JL-to (^ (jSJ iL-jljLiJI (j^ jjjJI l-jLjjJJ. (JjSJJI 
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»__-i 

_ijii ji -__ ___ jj-jii j-____i _$_i j_jj . i __ji ^jIji 

_j>L___j jjLJI _lj_i _jja 3ju_L>. 4_k_L__ £-L_il __JI »(j-u__-Lil (jjJL__JI J>L_- 

4__La __l__l i i.-JI 4_.Li__> (__ ^j-JI ^ v V~ i . " 4_ij___il jljil __!_ 4_jj_- 
".4_.L__J aJjA__}l__l J_)L L^l^aj L^i-U-j ^gip __"J1 .-jjjJI 

-jj-U-M jjjjj—tl l-ujO) ■■■' ■ — 
4_JL> Carbon Nanotubes 4_jjjL_JI oiH^' ■'■: , , " ,<l 
___Jlj 3_44il 5 mmII L^UIjL_t_____l _ju-j __JI I jl__ _U_j 4_joJI J_-_« ,___ 

j_i______5 i__L__L___»Jlj jL* _j___VI "j^_wl 4__L__ lg"a.lii- ___ _-"_i 

__l_jlil _njj_ij -_._-___! 5I_iI^_iIjj JX__ 4jjjl_JI _jjj_JI <--ijI_1 __L__L___ 

l_U_j ._;j^Jl tlj^JI _, - 4-jjLj_ij£ «>*ji <_u__ ___c 3_j__>.ji1 4^L*j_JI 

JJ— Jl JLuoj (___. — L-l iii -»11 liJJj ___ J__*JI l_jjJ _-! _L«_JUj . ijJLc 4_)JL> 

■_.«-. Ls Ijl _U_J ._JJJ__JI S_JJ_)_ -JJ^^-JI -Lll__jil (_J_< (__ _-ljJI 

, 4jjI_l4j_II Sj-a-J-M (j~a 4jjIj4JI 4_jjJI LLiljjJ-a _Ljjj_>- I gt a i*. Vi njlj L4J 

_jjL_JI c^j-jJI 4jjj_ (___. (4j2JI _Jj __a _>____JI jl "jLjjJI jIj_U ___jijj 

l-iojLjI ____.___>• JLkjj L-JlIc . JL_LI Jjj 1 11 - • L^l_jj_«. 4j Jajjjj _;jJI 
_jL_ . NO2 _^JjlJJ1 J_— -_n __jl_ jL_j 4_jLa 4lu __3 4jjjL_JI _)jJj_JI 
JJlC ___ L___j i i jilj_l i_JJ_j L^L-LjjjI ______ L_u ,__ jLiJI I ju_ -J-Ljj-^ 

_jU ji> __JVI _j__ _,! ___J1 _>_-__J1 I_.j_.jjj.L_j -_j»_a. _j__Jjj-_jyi 

__H -;-->-i L^jl _$i .L_>Ljjj__J1 4 « n 11 jjk _j__*jj_j_JI "jjj (___>-j_>JI jljJLi 
i_jLijj___l 4^U_J >____- J_---'l L-j I Jba -■ 1 1 .- j (-- . t- " "«I J_-lj (jjj____JI 

(j->.jj"iji1l JU___>i (_J-i «-Sj-* - JoLjjjI Jl_Cj . 3j__j u_~ 3j j -r 1 1 r->"i (-JLjJLjj 

Ljjj__J1 __j--J L$jL_ .^jjjLJI (jjjj_JI i_-j;1''i (j-a 4jjjj_ (__s-jL>JI -.U.„ll_. 
(_jjs __3 L___.L_" l_1_J ju iij — ,__a .(__3-jL>JI L_>jlju- 4j J____J 0^^-^' 0— ~ 
.4jjj_jJI 4jjjj>U 4jjj^_J1 4ji__jil 

Lujjo. 1 ! jLi _)L_ .(jj >.jj_j_JI jli __>i __j_i jLc, _,_- _>__J_i_Jl _---J 

___lj oJj^J\ _J_u Ui»l...a (^JJ-JI clj^JI (_-- cUI jLitj j_« J__u NH3 
jl___- (__ 3_Ljj (_JI _S-J-t_ Ij-J-J .(jjJjSJI 4jJ^i -eJa — t-J 4__Ljjj1 Jl_c 
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<w»__l wLL-l 

jjLjj 4jjjLJI _)J Jj—II <- « J I Lj I i_l _l c ii -xl 4jjjj}_JI 4 J I i r->ji, I (0 j3 (jl 

_4jUJ 4jSljn..<.l 5 j_jVI _ljjjj*j ^jjU^I .„1 _,Lu>l __ 

■ (jljjJU ijjjjSJM ij i ii^»! _— jLj '(jj^J— Jjjj_I Jal iLjjj_aVl i(j^j>-jj~ijill 
/ 7 ^ (jrL*LJjj_Vlj (j^JjJ-l$JI 
Sj_-iVij ijjlj^JI 4 mjII _j_ _;j — o _jj_o _)l_oj (j-o (<_jJI _ — l^J 

Lo 4jjj_ JUJ_>jj jlijl 4jo ■ n~t (j^-*! (jP 3 ' d '■!' 0 4rtUio __3 2 jjIjoj^ II 

JUJ_J __3 "b jt i^l l >>. y jlj - jjj—jJIj < St i l l (j — a J-JJ^ (_J! ~_l — Jlj 
(jl (jSLoj 4jjjjjLJ 4_l_,jl.l jlj i. (jl _JI _j_l jl — iJI 4_jj_ 

_fj->jj . 4_uL_ij_II 3j_jVI (j_a ~_l_e_o J-Jjjl JJ-»-J £J» (jljjj jl) (_>_3_<j 
tjjJj-II <_*jjLV Aj^jUJI ^U Jj\ 4jU;~, __JJ lJJJljJJ __La _.L*jl (jVl 
(^ 4jjLjJI J__ ,i~i _j_j 4fll~Vl,l jijJI _ljjt (>» Jj_jJ "ujjLJI 

jl_ <J_U Jjj 111 ___a ,4jjLjj»jSLII Sj_jVI _Ij— il _va l~H" £_jj jl_j__»_ 

(0 _L l_Jjj_I jijJI Jrljjl (jja 3 ~. .U . ~Lijjj>U (^jUJI £_a _JI *>__ 

(jjjjSUI 4jjjj| <. L_ pj (Polyethyleneimine) «_Jljjs! jnljjl (_JjJ'» 

*_;j->. jL__jjiI (jja I J, '& o "t Lajjj . LjjjaVl jLc. *_"j->- -.^J J- 1 — l__I ,j_ 

Nafion «(jjjjiLiJI)) 3 "jU J <_~ L*jjj 1 j_ '(jy>-jj~.ill j-j -_' _Tj- j-- 

jLc. *(jjj->. JJ>-J jLt — -___! (jwa 4jjjjVI (j___u (__1_. 4jjjjVI _, Ua~ (___JI 

.(j^jjjjjJI , ijm^i __jlj jl_ c(_gj_>J Lg i-r-~ 4UmiIjj __Ujj il_jjxVl 

£_>l jJI jjajJI _t_L- (jj» _j< o"i j 1 <ij< jjfc _)Vl £j_J J— (j;jJI Jl J uJI j 

1^-rUiiil t_y*jJU jjj_ 4jjjl_JI jjjjiJI t-jJjljl ,___■ 4_yjj}_LII 4jl i^all (OjS __3 

Jlj___JI l_v_k _jjc. 4jL>.>UjS"^L__oj_Ltl 5jjejVl jL^.U(_.;j_^^_aL_ l jj>_] 

i_jjjL1_'I o j_ JLjjsjJ 4jl_J jL» — mm i ii VI jljj*. ^j i i r-i") J-_ 4jl -ij_jj _)! jjj 

__9 JJ_JJ3 J_ L_ i4jJJ-^ S JjljLI CjljJjJI J_-l (jjO (j__ J i I r-l O (j_LjJ_3 (j_U 

i_|jj_ _ya JL>. j_w (__s j L___ VI 5j^.l jja-j jl_j .(1 - 13) JS! — _!l 
_J_ 4jj_ i_lljj_w _;f (_— Ijj (»J_ (jjju I j _. _)L_ .^.jMjoj^ll 3j _j'VI 

(«jji J_J (.yJLJLij . Ljj iU j"ijJ SjjjUI OJJJ-^' Sr-i 1 - 1 ^ (^J—JI jtia — _II 
CrlM^-'' jW--" (*^ CT^ i— Lu __J| _"JJJ La ijjJlj ^Lj "Culj "UjjjjSLII L^jJj_jjs 
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»iU.L»*l,-_. 

ijjla 5^U: « jLi iim iii VI jLgj»- -3>^-j 4JL- __a Lol .4-ijj^_JI SpljJLi 

u^riilLi jjt" i ,jiLjVl ijj^ <Lij^SL)I 5 jlinjJLI (jLa .4ujLl<j<1I Sj_*->VL> 
ijjS^j _j jJlj jCil 3jjl jJLj jLjjJI _-L_ * : j La iSjLjjJLi ji 

■ 3-Ljlja.j^ll 3j__jVLi 4__i__U t_jj>]j __]! I>-jj}* 



AjJJ-JI-jl i.iIi i i -» . ! ! _T -_-l i i jS j--_Jj_3 __-bj)J_, tnjtn>i"l|-__j : ( l-13)J t M i T I 

jljjj>Jlj eij^JJ ~jj)lll_iljL_tl _j_L_>j>. jli<-Till_;jj)ji*M--(_,i) jj>_^li^_M_H«<--tj>I,l 
_4-_9jj_JI ji^^lJJbjl^iLjj^li^J^jAI^^ j-^i-J_JI(uj)-il -»"iitl--ij)jL. 


3jWl2JbLU2jjjl^luUUatll 

4 - |V" i ii 1,1 ijjLjLill _jL-1 mi -«.II I <ij i ii Vj i__l _jl i m-»iJI <." _)l _, i i i j 

4_>jlj_>_l CjIj jj__I _U_»_ ___- 4 jJLc SjJlSj e-lj^l _-l J$l« JLu_j ____ 

4_L>JI _-L_il i n-»- (_-jLjj ._)ji i"i"itl «L_l LjJ (j_3j___ (_-_!! 4<il"ill 4-jjlj<ij<llj 
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l»ljid^VI ___ 4js,Jjj» j_£VI Solid State Nanosensors 4jjjl_JI 4A<rt\\ 

^yi L_jjj_ ____ _jjj--i i* - «^ljUJI (j_a *U$JI -jIjjL JllojJ _, jIjljII 

____ !j__J__l!1 CjljJ^lLl j__ jt_JI ___4jJUll U-S-J ld*j ,nl MlTI ^ljjVl 

. (8) 4JUJI-j1j___JIcjU.j_ jl__ L__,_____, .i fl; a U.-.U __j-.lt _ ',„11 

s!M__ _-9 CjljLaJI Jlllu-JI (jjs 4_ij_J 4 ■ -I i 4_u_s f\ lr"i ujl ^jjjJo ,j£ 

, i j . ..*Ct <__jl-J 4jjl_JI ,1jmi->>U 4je_l_J1 .-jUuoJl Ju_ij ._>_! __>JI 0 iU^I 

Ti0 2 fjjjLujJl ,.jM.<t^LjjZnOcdjjJl u-__1 Jj!j SnQ 2 jjj.^H 
.Ui! jl^^l^J^i^lj.WO^j; M. T r,!l ,ij ..,<! -_Jt_ __J j-j- 
cjLaJ^I^LL^^cJoJijj^l^j^l _l^l jj__j! . (9) o}L____jll 

__9 J-u-i ^yjJlj J-?*JL> CjljLiJI Jlloj 4jjjljj9j 4__>L>JI .-il ...I — H 4jjjb!l 
. 4jjjjs 4_>.j_ 400 j 200 (jl_l La --jl j_j 3jl j_~ CjU.j_ 

,5jjjUJI jjjj-JI l-ujU! ____ ZLu_J.I cjI ,„I,„>JI JUJ1 <___> U-j 

^ jjjjJI __L_ J — «___ 4_J__JI 4JUJI _jl ^UaJtJ JjjjJI 4_<j'i-Lij. _)L_3 

L$j (JIju Un-v _-jl_JI Ju __>VI 4_LJ_J 4jjj^_JI 4j1_oj1I j! i-,j_3J.I pS& 

4JUJI Cjl luI JjGj I jjk .CjljUJI (JJJ _;jJ>JI tl^jJI CjljjL ClLJujj. 

Jj__-Vl 4-jL"J,l («jii __3 jjjuJI <_, _=. l^jlor ___ *.U~,*U 4jj_1_JI 4 jlLoJI 

. (10) ja*,inU jLj-JLi Jjjui-JI 4JU -JJjj 
ji«*."...vi Ll>. jJ j',STij juLJl Loi.jJj.iSn __u _U_-lTt 

Lff>»JI # _*II _JJ_J _____ JL-J _>* 

mJjj»J ySJI 3 j,XjVl Cjt__--L_JI J^U. j- jjLll U>.jJjjSu ,-, >Lj! 

4jjjlj Cjl uiUaJcj 3_jj_a 4jjs-ca Cjl -uLj-I 5jjJ3.l !■-»■" luI 4J0 luIjj 

4jjuL~j uIjjjJI i_jj__j CjLjjj __a JllojJ 4j_I_____I 4jjjjJ_ jj_I jj ,4 _j_0 

l*jUjJjJ.I fi V> u LiSJ lu- 1 "j^>.VI J_UJ (JJJ_- (jC. l_J j jcjjj . I jk-sl 

lj__ J-l_-uj . Geographical Information Systems ,(GIS) 4j^I jj_>JI 

4jh-rlll 4_uLUI (jj-J-J .4jjjLi Cjl l_U__- ____ _Jj__sil . Jj__>JLI jU>JI 

Personal _JI _--t-_JI jlc.1 -JLi 4J_uj _jjjl_ (j_. ,_;jl>JI cjjJiU 
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jljjl_-_; -.L__jj Bluetooth __>j_j_JI _U..,ij_. Digital Assistance (PDA) 
j ,V.1L ^ ,„j U .Global Positioning System (GPS) ^UJI -__l jll 

___> 4 nl"iT- a alj>a ___) __ij__JI i__Lj_ _u_iJ 4___,L_»JI CjI a j I - - H *_>j __JI 

-_Oj -Julsj. 4_iij*CI j_L_JI jLIo^l (2 - 13) J£ J_JI _j___-_jj . JL_-Ij i~.«l_- 

lIiUjU Ll (___J 4jjjL_II diL-il i ii-nII ___> - 1*. ^*. _ jjLUI L_>- jJ j__Cj __"■ j * "< 

__jjL_bl_J| 4 o „->L_ll u '* (_"j**JI _-!jJ-JI _-*l ___$V __"iiiUjJ,|j -_^lj__--JI 

. (11) ^jj_-dJI _u__L_:i dljHj l-JjS-.L 

.-_;JL_yL_JI __!j__jL 4 L)jl 4__jjj__ («I» 3 - 13) J£ __JI JjJ-aJJ 

^___j jjLU I I x-_ jj j_S_i ^ja j Jja ___J I CjI :>-j_-_a _>_j L>j_i-_a J _J _, il I 

,n ..._.! -jljLc jja-j i iin't L&jlc Lcjjj- 3_3jJI 4_JLc .a_^lj__--JI -_iUji_JLI 
J____JI _-ujj 3_:< . ,.tl fr L_-^LJ 4_t____ll 4_L_^L____JI ( j_.LUI ___> _r'~~jj~''j'^ 
u m-- m.II^jJI -_cL___JLI jU* __JJ -Jj_-UI 5jj___-JI («l_j»3 - 13) 
-tujJI J>Li-_ > x3JL^ > llj4 i -_-jVl a-jSljJLI -_■! U-r- jljj-i -__ _j_>.jil 

. (11) _-)JL_jL_JI __1j__iL -JjJuo (___ 4_p*lj_---JI -jUji-JLI pU", -C , 


i_ i_J_ji _Ji 


GIS Data Base 


PDA 


GPS 

J_olj_- CA-Llj "____! 


__-___. 


ju__»o *__u 

Ajj|_J_>JI _j_»ji__,l («J-j 




JUL-JI t-ljll 


-___.jVI ^.->_J1j -_Jlj_.l _J___>_4 Jlj_-I 

liUij .*lj_$JI oj__j -__»_>. 4_l» -jLJLjjJ 
_^J__5_I JajjJI JjjJa rtj . S- . T Sjj>--j 
2^lj__>JI _jL«ji__l 


_jl— -jl .1,1 |«_J_j __a I _l alSLSj _^__L_JI I i^jJju-j (-, j *,' 
_____.! Jji _jL__L__- *l iVi ...I Jpj_- _>-. _ry*jj_-L_JI 
( 1 1 (Jj J_-.j-L, ^ - 1 flJ _u___i J^ I JS__JI 


-.-._-_ul:(2-13)J_-_£JI 

^___;i -jljLi J__.jj __^1jJ_>JI 

____ jL^i).4j^_ji__jjji 



^ysjJu 4__Lo 3jjj__- -jjjtjJI l_iL_jj11,1 J---JJ 4jj -_J I ^jjjJI ^jjiil J "i tis 

-L__j1 j-_ 5 __L>. 4jULi 4j___l _, a ^ miII ■<! I" 4Jl_j L» ,__! Ij !__ L_ ___i 

-j|iilVUji_j_ij_J.I Juljj __3 -l'.-'.llj.-.IUj-_tlj 4_vljj ( _ T _ll l-iIjlj 

~-l_jl __tl l-iL-jI i.i-hJI JL~__ __3 jjjU~.ll j .-.-» .11 _;_| j_ij . Lgjj" Sjjjjj^jjJu^JI 
jjjj^jjju^jl Llll ml 111-- j__uLi i_3j_u SjjjLiJI ujLl-I 1 .i~-.il l_Uj (j_S 4 -,li"~- "-J jjl 

l_U- Ji«_j Nanochemical Hydrocarbon Sensors 3 jMjoj^II jjLJI 

__S 4 l~i n~ 1 I j 4_u s_jj I 4lj ill JLa_a __S _____ _j ..jt 4__JLj 4j<i _\l l_iI __L___>JI 

Jj L$--ljjl < n I~it-« __j j jjo"H j • __-ujjj_.jj jl_ujJI l-iIjjJII _v_. __• — ___JI 

jlj_- Jjj_Ujlj jLiJI jLlT _j_- 4-jj lujJLI 4_ujjj-jji Vj(jll -I jJ.1 Jluoj _-3 L__ul 

CjIjjUI __jj I g Lu 4_ij___ll j __1 lnj-J.1 j jLa-JI _>_3 (__3 S.jjjj.jJJj 4___ uA\ 
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—LLiJl Jjl jj>- i J_> >T SUjjUII _L___»JI 

• _>»JI *lj$JI __jLa Jl—j^,- 4jjj_l _L_L_>JI ' ''jkj' w 'j 4_L_)?L 

4jS^«VI *L__I 4Jl_jj 4j5L__I 2b->UiJ 4j_3jJI 4J_jJI __.iV„„I j_5 
voSjJJI 4jjjL 4_jjIj_JI ■-■ ' --t — ^ 4^j__ Ltl jj! NASA (L__U) 

c_Jjj1 (_^JI lTjI jUJI JjIj— (___j ■ > ,r-,j ,___ Thermal Nanosensors 

r l, v V, ...LcdJjj 2007^^1^ jjjj^! ^ ij^Vl L^jjiJlS 4_.Vjj 
(jlc L__L c_j_i j_j / Thermal-imaging ^jl j_JI jjj__l a_j_ 

J_L_a _j_ Jl— J __l_l _jJI _Ijj_JI — jj*— jt Jju 4 agl,l 3j__JI « j _ 

l(jn-».j i ,rt«'j jljJ— I _VjLil jjjljl 4ij_j j_lj_. £— >J j— 4_J_.I ,3jIj— 

j__u __ _y» _j__ji 0 „aun _ jj-..,j _jjj ,4_>._u (jLui «^ji 

<U«li __ -I jj_JI jU_l jjj JL- ^ jJI (^JI _3_ I L*J jt£ ^l 4jj_J.I 
J— Jj jl jj_ ^^jj-a-M _, _jjl jjlj_~JI j_J-s j-Lal j_j (_) I jj .4 j__!I 

jl « ,V| I ill 3j4»-Ll 3jjj_S jL_ (jjj _J» 4jJJW 4j_j_8 |»ljL*_ul (__JJ L_L 4J_J 

'3j_U _,l ,jjlj_>JI _Jj _U_3jJ £j_ (jja 3j_l 1,1 «II 4j9JL_C 4jjjU _jlj >■ 

(j_a I Jujjk LjL>_j 4 JJjLJI i_I _l ii.tII I fl_) « I Juu (3jjJ_JI l_l jj 4 *_tlj 

.j»jj JUu __a Lsjj jjLJI L>.jJj__i 4*-Ijj ^jjJI _LjL_e_JI _ n ,'<*> 
Jjjj 4jjjkJI 4j_jJU l<j_i4, -,3l-_ ^Lat^^Ll 4jjAj 3jJ. 4 o$U 1 Jl9j 
i ' , o , iijj ___>Jj£.j ,j_lj_>JI JJ_> ___II (*•,_,->■ 4nl'iVU _jlj_>JI _Ji_L_a 

,__JI J_lj_Jlj oLLuJI a j_ (~,l,,ijl j_ij . Lg_>jj I_jj».j (3— LJ. lL_Ij_. 
l^»JL_ j l4_L_JI jj_> I j_iL- La- VL_jl 4^_,jVl 3_ul_JLI j 4__ljil j_lj„ 

_~->J (jjlj—JI 4__L__a ,jj i3j jlj— Jl (_gj__i — Ll Lv^ ,4jSjJLI j_j1_ _. 

(jjs Lfr «i a i q„i fl i l^jj_oL_9j (jjlj_JI jL*i.lj 4 — _)l_, 4ajMJ.I p jUU^. 

.4xjVL_ J_LU (__JI jlj_«VI 

j_(^jJI J_—l Jjj- 4U ,nlj-i j_l |_gjJI (__-3l»-l jj>— Jl j_t j-_j 

.4jj___I L_L 4JI_j _,_ (j\l>.LJIj tLol_l j_« j_.... '"tl;j (4^411 al_ 

(jj|jj>- l_jIjl>- («— j (_,_ 3 «, i . ..t l 4jj_J_JI _L— L_>Jt 4jjL_.L <L? 
_l ___. jl_ Line Scanning ^U-yil ^ _il 4jj_i Jjj-_ _Ll_l 

(_£jIjl>JI ^ jj.1 ^ 4_J_ 4j,nl i,i->.j ij_L_a 4_J — Jj_J J_ 4jjIj_JI jjLJI 
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jjjl 4i_ I Jl^J (jl_ J_>j .JjI j_«JI _JJj i ,ri«" __- 4__L_I LjJJ— - (___ 5jX C 

.3 j««-ll l ^ <j " l fl fl « ^^JJ-J.I _, iLjJl Jjl j_>J1 j-J-a JL»-J 4j_ — LT 3 J— -^" 

4-^ ln",a Llj_a (j_, 4_J._>JI 4-l_uJI _1_ 4jj_j La u IJ 4_L_yL I j_> 

_Ujj VL_jl LgJL-jlj jj i o 1 1 4j>JL_aj ____!! <___- 3jj__l __a J*i «"." 

,__3 _<_jJI (jja lj-Jj£ <--U— - <__)_> (__jJI 4_ul — _JI _jljin"tl _j_ (jiajiiJI ^ylc 
L$j__ (y3 _)J J _"' a ^Li^ J-— _jl <_lc SjjLaJI ^jlc (__!l_JLj i_iLLjJI Jj->- 
. 4j_-j 3j__L_- Sjj irtj 

^jr»-J— e___yi _.__»__. -__-,___ jjUJl uULi> 

_^ SjuIj Sj__*j 2007 r _Ji jjjj ___ 4j5L__ji i__L ajl_j ___ 

jjLJI _)l — lu_> ^ Jl_.I -^j i i <-i"t (jja 4jj — ii_JI jjjL __3 5 j_a JjV O — __»J 
.< 14 ) 4jjL__!I oL-jJU ^JL»! __a UjL_-lj4jj|j,j<tl 

J__l (__a 4_a,t _XI l_I _L_>JI _L_ __>_ __— 1 ^Jj-tiJI L__kj_i j _j 

4jjl__l jjjLHI Jj1>_j (jij«"i _,__ 4_jL_I L^JjJ—J __>.j_>JI *L___JI __9 

tfj-_ -J-^J _)' _— 3 — ' - .4jjL__JI 4j_jJ.I J_-l- (_r- e!>aJI — )L Jij-l. 

(j-a (— ijJI ,-— ■ ,4____L___I 4j_j__J <___-l_JI fc lj <jtl _j_-j_a (j_ i_i __JI 

_i_ ,_rij_ (__![ Ij____jj -__>U1 ,_-L__ Ij-o- Ijujl^i ,i,„i j_.^_L_ 
o^UjJI J>U. L_>j___ ,___! 4jjL__JI 4___jII ,__9 Ljj-Ljj cj-jIII 
.Sj_. j4_ii __ll j__ j_ __jJI 4Lj_JI 

I j_> ^J.^t (__s Micro Electro Mechanical System .MEMS ^j.mll 
___-ljJI t_4_j_U IjUjU w_ U__j(«l» 4 - 13) J___JI -_-jjj .jU^- 1 

_-a __jjlj 4jjL__JI 4i_.jJ1 _L_ __9 t - ■■-"■ ■ -I l5 jjl jl. ...VI jL^>J 
(«l»4- 13 J< _J1) ijjjL (j-1 i,,-;_^jj_ i Lj^yi_j-4_ > _ ? _ 
«-cjjLI __«J____I J_j . jL^>JL 4 in.jjjl CjLjjjjSLtyi 4_wjLi L^-a C_jla 
4_jJI (__!l ljj_j _JJ_j (jjljoj^ll ^l .,i-kJ1 _JJ_ >_u_j- ,__- 4jjjLJI _jjj_JI 
CjLa—JI JuL>_j _j_wi— i __9 4jaj__t,l 4jjjL_l jljJLl B j_> IjJjJLl) (_,jJI 4j»l nll 

. i ®c Ijjl jjj_>_j ctj^JI ^_s ~ A jj ■■■"■II _iljl_]l (jjs Lt-v 3Jj__JI 



(') <*r») ; 

_^_l___!l <uS_gi <-J-_>. ^j-l jUimI ,..Vl jl^>J u hih>i (»-_(') = (4- 13) JSLlll 

_>.i ,,i>.ii;^_ ^u^.2007j»ujig^^ LgiUj^aaj iii^iiii L__L,-_j_y -___>__ i 

, lflljlVi_l<U-jj_-l ij_.L_ll _it_j_lt _*_-u_ JUajJ 0-») _4Li«_S,tl 

(-____! l___flJj_.____tjj(14)j-__J.l^a -_->__l Ji__ll | *__:j___lt) 


____. .Ui.1,1 4jjL_j>II CiLUjJI ^LU (jj--N oLujjL- j-Lo Cjj 

__l _,-__. j> >V....-, __j_- .2L-LJI _£LVL __IjL_JI ,___ ol j. r n-illj ( -l_jVl _jj 

J-Lul -_I_>jJ 5 _•_*',_) .-Ljjj^I __ jijJU Jl__-v.j LL-l-JI i__Ijl$j luV 4_ij_)jj> 

j«_e_»JI j____j jjjJI 4_i__j i fi . nTi ___II 4jj_ij_,I JjL_JI _ll_ (jj> 4jjJ_- ^lj-l 

____ _______ (__ J_LJI j-J __ll I j__ jl_al (__fl_) <djj_L_J_JI I ^Jjjjj fM _jjlj 

4_)_>_l~j -jlj_-ii~iU >'H* _>£. 4_-LlU __-___!! _jjJ-> ,',-r i'<-il i4_T___JI .-ilj I 

______3 _j_wj __II ljJ__) __J_J .-..iK Uj) -J__*J.I __LLjJI __-> I _ m^jJJ I £_>-* 

.__l j-*-L-U a-u- --___ ,___ L_>l jVn, il _>-__) (_--JI jljll (jw. _-___lj 

_>_^L^/I (___ J-~_>J_ -_il l_L__>JI _>_> 4 « ^IjjI j J"^J (j-° (*-t_>JI Lr^-J 

______J| i 3 l.j 4j-aj__>JI __J_i_.I _>__»jj __IjU_JLI Jjjs 4jjj_-JIj 4 jT-j'lj---j VI 

L_j _____>. (j_sL__t jlj L_jaLe--i _>__> _)L .__-__ j__llj — _lj %___U .j__ _>__ 

l.U T ,-iJ. J-\l 4 ~U~.l__' IjiIUm^-JI a^_Jl5_a-JI Jji, __._.. j_Lc 

i_fll i i.l — jL-jl i n-_ __3 L_j_)ljj i i ~-j (__jJI (_>__» Ijj-s-J I sL-jj — uil _>£. 3j__-L_ 
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_,_ l^Jujjj i__ jj__ 4jji u-> __!l 4 _L_> _'L> !,__ . _>— >j— ' J_» — J _jIj :t__il 

j£\ jilj yjUli ,__ _ _ I 3j-_-__l _>l jL___JI L-i^l^a ^j^! ,j_L~i 

i_)jj— Jl . 3 j — U . ., 1 1 .-,-." . . — 1 1 ,-,!< ■ r..* LajjjjJlj — j ■■■H JJJJ .4jjL3__II 
JJLJ (-— 1j i_njjjjl £-AJ>— _£-.! ,j_ _Uj JJ— J SjLiaJI JJJJ (JLoj-lj <_"j-^ J '' 
___i _^ J_jjJI 4jj)H^> _JI "l_L_>.VIj lj ■> .4jjL_jyi _jLL__I c'II"J L__Jl_ 

(j-Lo.1 l_fll i n"XI J J__J _J_. "j__b (jj_J 4jJ_>jl 4— JJ_ J5— ». (j- Cjl — I iii-hII 

_Jj L__>J oULJI -1 _ Jl _jlj 5. ...il^aiic. J -, J ,-,l jr A-.il 

oL~jl*il («__J 4jjjj__«JI 4_j — _JL L^—ljj J}_- (j_ (___Jlj "jLUI j_j_ > 
_jl «L_. «jjj— j cjULjJI _1_ ,____ -_uj Lc— iSJjj _;i _,_ _jj».jil 4^IjJ_>JI 

4__3__. J_*_« (j-yi^l J__ 4_u__l t_i_j_JI _i_ JJa _,_j ,(_ (j-aj . _jL__ 
jj-l JLs-i JIcj 4jj_Sjil JjL_JIj _jIjj*__LI (j-. i__ — __JI _,_ J*in"ll ujLkj^l 
.(»jjJI LiLc I j j ^ I j ' ,___ll ' , — "H 


4j)_ _i _lj - . ,i" . l ,l S-U. 5j_w_« -i_-_j»- 





_— *- J>->i1J --" 


(*) 

jjtjln,» -J | j-?j j— 



" j— »i ^ ;" « *_>— j^i)» 
- ato ~""' " ^ ' •• ' 



o>jU'.___aj 

£») 


^-jj^-jyi -___i ^j^sl. -j^^iLai >i 1^.1 i,Lii-j^»-i^_(i):(5 - 13) j___ii 

JjU al l(j -jlj — LXI jl^— jl litil inl _,_ A a, _>_■ — jl 4jjl.j BjO I ^jLUI u— lm> _J> 4_ j) Q >il . 

(I) J£-_Jt ^4j__jil — I -U->JI _;ji>y Ijh.U^" U uij J~__Il _-_■>> (lj) .4_5_jll 
-jU j- Cantilever J>j_ 2_j_ ^.L. _iL_ __ o^Sli ___^i >-u_j_li _j__ LUj_, 

iI->j>,"i 5jj> sJull 3jL«_ I 5j-> jl a _UjJ_>. jjjwj J— __1 1 >i_^jj .4_ij__l ju___VI j_-t J_s 
Jjjj (-) mi-i1Lj 4hj-sXI A— — _tl (jfl j ■» » n" i « ji _! j— 1 j^».j _i_. J-u L« _-l m-slLi 
3jj>__,I SjUI j_~j -j11jj> JLaltl jj_ __I__>JI J>j_ t_9 OjL>JI e____ I JS__J I lj_ 
__l_j _JI 5j >. ii" 1 1 ijUIi 4_j}L_l _i_jjj>JI __j jljJUtl _:jjj^ . j____ti <>ti ... __— 
■ 4j-».V->.mi11 _bL$j>>U ■ ■ . ,it,l «j_>JI 4_U_JI -4j_ ^_ 
-h i ii l Uaj ^Ml l OL_j^>JI _l__JI ___ 4jj)__ll J-jjJI 4_i_> |>u_ ^_jA__-l j-_»a 

■ 5)7>ii"ill SjIII 4j^_ _j_ _Sjj_JI __«-> _j_-ij SjL» ijjj _-l iM-,11 J_jj_ 1 _jj.jL>JI 

(t-lUSJI |____jjiV___l^j JjU~Tlj--j_-Jl4_U_>lj( 15)jjj_tl^_ Jj^jl.1 J-_JI(U->:jJL-_l) 
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^ Olj_*__JLI _>C i__ — j__JI _jL__L__>. jl — i___l -jLc <jl ___■ i_J — _w Vj 
___JI (j^La^l ____ L$_jjj)J > rtwCi __ic 3jJ 11 1 _)lj___j 4__i__*JL1 _>___>L-Vl 

l ' SJjj _;! j___j 4_uL_>j_M oLaJjJI '> j * " l La___ _jj)--i I « 3_L_ 

5jj) mi _/i_jLkjyi -JJ (jt^J La i4j1_-I jjl l(j"flj->- 4jL«_- ___ I ."'.'.^J 

J»-U j<Jj . 4jj)jJI i___j Ji.l_i 4jj}Ij_*.VI p.*ljl 4___>lj)js ___ 5j__,Lja jjc 

_yj _j I j « i rt a ^JlSjj 4__>L>JI 4 j i "*i 1 1 Jj)l-sll j J->J)J J)jL_JI L».j}Jj)J__- 

L$_j — i_iL___j _j_i_j («_*_>JI 3 j j « i <->j) jjj)JI 4 lijii^- jL« — ____jVI 3j\^>-l 

Jl____j __Lc d.jMjajSLH __l l_I___sJI __Jj J — *£. Sj__3 j-ojJJ) . 4__j_L____l 

L__j __J_j) 4 _jL__j__LI 4 cL__> __9 4_»JLa_i l_!I 4jj)i>>«ll jljjll CjLljjj». 

jiejj ___ju La .5 i^iiit- ia _)LL_ 3jlj_- -jL>-jj __l_ _)j_ji jLJil _JJj _jl __JI 
CjI i-il i ii-tI1 7c-uj La ~L_j__tl 3jlj__ 4j>.jj Jl_C L^jLjjj-». _yo 4 1 j' i r> i__ l_j 

4<i, ! :,1 4j<L_V -uljLil JLujlj l a U-Cj) -_>l_jj_>JI _JJj j,,_3 4__L*jSJI 
^U-JJ -Jj_»--ll 5>4».Vl __JJ - j" (_--JI GIS 4^1 _JL»JI cjL-j+kil f£± 
jj____j.4j__.jVl 4jSIjJLIj 4-jLLI J^a _;_J GPS y r JLl_Jl f L_l_J.I jjjl--- 
■ _).. ! J_j 4___>L>JI 4j_M_JI _jL-I j_->U l__aj-_L.j4_J.lj -_>l_LJI . J__ 

Ji-JuJI j) 4_SJj 4jj)jiii) __lj — i_JI jl («JlIJI -jj-J-J) JU Ju>j _>S_»J (OJ _)J»J 

.-JI_-_jVtfj__.il 
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14 


Lp-jJj— _j 1 J-bL» L_U-J«"i iiiI _)l J *J 

(_a ~j_iljJI LjjLluIaj L. i_ajj»jJlj jjLJI 

jl U "UUI _, « ~J_-1 .4----U _J_I all 

g^j-Uj (^-I-hJI jl nTi , n . I px>. __!_. __j__u 
fk-jJI <_1-.J .4~J__U Lp.jjj___l _j____,__ 

t-Lc JuSL-ll _--_-*U _ jjl>_ -_>j___ <>, 
L$J uj— — -> tr-'j jjLUI L_t>.jJj__j 
,>« <_L_ l( _lUJI _!____ _l <_s I ^jjlill 

JJaJ^UII _L____3_I _____ __ \ \-\\ 

• jj-JI !_-> _>- 4_-jL_!I j __JI _jIj_ _JI 

4 — ___jJJ Ujj-wl (__l _j| — _,ljj_J L___jj 
4j_jj_> . I 3J___J _jL _jJI (_3 f ji_J 4j__jJI 

,National Science Foundation (NSF) 
Ll>.jJj__; _,__ jcjLlll jUi" i__l (_*_- (jLa 

t^dj'-' jX. J UJ-Lj- (_!l J-oj _-j__ jj_JI 


jjo-i *J^_T_I>-_v 

lil___ ojl* US . U^___- 
J&J^ L-^ i __Jl^_ 
«L*. jb_Jlo_ ll___ 

_4j_ai 
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^UII-*j_i__U 

-Jbj_j | fl ),i I j _ , 20 1 5 j-L_ll 4__jl_u (__S nj^l _j « Cjljj -j u.io-^ Juu 

Jj--J j! ~_J"VJ '"'■!"- 'J* j"'^.' I- 1 -* i_j U. V"m l_9j__ 4jI 4jjLLJI CjI — .-.IjjJI 

iJJLa (jr. jjajjl (_>Aijj i L»j__c.j ! I ji nni 4i__JI (___. J^J-i UjH-iH 3.5 jrej (__JI 
(jja Ij^ bLu. i.Un" — lJ J_» jjLJI Lj^jJjJSLj JL*_- jLs .j»LijVl _dlj 4-rin 

-_oL____3l i nnK) jj"— " «.Ijj -___}UI l( «JL_JI <___■ uJj-jSJI 4jcL___1I ___>j__JI 

.4_JLU JljJ^I __L_-jjj ____■ Lajj__Ojj_jj 4-JLU L__-L_-jI 3jL_ i_V 5aVi^ 

LULc (_,]£. Lt-ii. (jjjJJI -jSjJIj jI — --5-11 -L-_j_j Jj*-»-! L$jL__I (_jjJI 

-jLL^JI (jjs jjjS' L_jj-»-I (__l!l 4jjl iru^yi CjI uiljjjl J£ e j__> (__-J .SjJ_- L-L- 

jl jJalUI (jja 4jLs .|_,j-j£JI 4^L___JI JjJ II __Loj£_>.j .4j_;1 i i,->ll .-_",-» _,tl 

^jjjAa lj"ljl«" ...I (-_*->• ____■ jj-u 4_jL- 5j_) jjLJI Ljjvjjjj£j jLu__-l Jj-u 
. 4-^jje.a CjLcli/^ill J_" _yS 4-J,L_ll CjIjI «Ti . nVI (<---_- 


5*jj>4I (^ LijLjlj jjLJI L jj-jJ jJjo 

__«__• (__j3 ^ jU i nl L jjLJI lo3>-jJjjSj jcj^j jl j__il _jjjj jl (__,«j_it-ill (j^o jjLS' 

4jL«Ij 4_L_>j _____ JoLLjJI ____, («JLlII JjJ eL_cj _>-5j — =-J .LLa_.jJjJ__Jlj jciaJI 

(__JJ iSjjjLJI 4j"it_i1I -^jalj-jjl jjjjuj -jljV oj jj£ 4jJL- CiLuiLaicja pd **"'"'.' 

_jL_>L--jVI £ja>. (j « .4_C_3 __!] j _lJI (jji 4___-L_l-j 4iil"--j. _jl__ (—!,') -»■ 

I^jjS" 4-JI jjLUI L_j>.jJjjSu («_>_> L_ijj>. -L_l- .Cjl t<~\ inV"tlj CjL-LSjJIj Jj jJLIj 

j j » " <ll _ r '-l «l l ("-jj — uiJl*j _jj jjl ._) <- | l,- | T-"ll l dLijl (jjS (jj-lJjJLIj (jjjJ^LUI (j — _ 

4jj___JJ j_i_-VI jjHI JiLaj l_.->.jlj'X*.U , ' ||") (j| (jjjj i4jjjI_JI j_^jj-j_>. _jljjj_.j 
jL5ul(j_-(_;j_>.VI-jl__>-jJjj__JI_jj\__^ 1 _KI ni aj L_jaj-ij- (jja ^-a^Li-JI ____" 
jjkj («J*_JI I j-* 4jjj (__>___<____JI ^jLi. (j_o (ji-j-JI _j«.L_u J_)j . lj_J 4jUr JjJ_>- 
J£ ^jLc^/lj (__,;« nillj (____J__>JI ^L_l_>'_'l (jja (_ie___JI jJL-JI IjlLgJ j_tl__j 

jj i^-"ill I j^j^oj-j i4___J.I j«^L_____j_j Jj^? i_jj_) j«__J jj__> ____ il jJ .(sJL-JI Jjj 

__3j .4j"i-r ill 4_jl __llj _)jl__JI (^.Ll 4jJjJJ jjLill Lj3>.jJj__j 4«j_iU Ij-jJJ («J 

| __Jx.j l^jjlr 4jjj__ _uL_u__j CjI «i i ii i LjJ jnjo-wjj (jUjL-u .4 iil"ii_II __VL»_ll (___. 
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£j-_ Jl3j.^>LL^I^ «UJI uSJ^^jJ .(^il^? jjC Ijuu L$jJI I j i , M l ( j? 
Ljj-jl-ej-l Jj>Io (jx. 4 ji^iVm i l_, — ,_L_j- <__->- jl l-)I j 4_-.L«-.. . jjj-aJI I jjk (jj- 
.[jliM^aj^JLLaj .Ljj_».j JL_iij_uj)L_J_(__- l^ijl Ljjjj__-t 4uC JLa .JL-tll I jjjj 
.(j-l ,oinVilJ LjujL-cjj ijjLII 4 ijn ■ m r,,in .,'llfl"iiiaj j-jL_>j '_>■>"'.■ aj («JLcj 
. 4j_"_»_ll oL_jjj__JI CiLtaj-ejaj jL-eu _____ JjJ"->JJ Jj ■ -•"' 

«Uj>__-t/l U*.jJ j «JCItl _v* 5-Ui"-»a .j-Jj- * 

.L_|LL-J -MjoljL-ij-M (j_o i_Lu_L_J <"j__> juLaj . jjlill La. jj j X") (_^oj V" 
Jjj». (j^ - (__s»jJj___jjjJI — 4jjjj>J| La.jJjiCitl 4j Cj — i_-j_lS U-i l_j_>j_ 

(j>m-»Jl CjI ij-»- i . ,j"ijj 3 l_l_.^LjJI (__Lc 4_uLi!l Ljj-j J a.a l-jjjjI-I (jn >. 

(_, ij -_»J I JjJljuJI 4 j i n" (JjjJo (j_l ,"jja"ia 4_cljj Jjj_sl_*_a ^Ljjlj '_"JJ Jl 

U>.jJ ,)i < y"l l -■ ^" i" (j! (jja Lajitj 3 j-_JI l_Uj <___ oL_>lj___ _*l <-,l*iaj .,__jIjjJI 

Jjjutjj 4-2jC ___j__jJI J__*JI (__lc j j i — J jl i4 ■ .. A i _. _j *. t 1 ( \i . *"" . .. a 4jjjj>JI 
.(jJj_wVl a_j_JI l_iL-__JIj jL_j)/l (___ uJJJjJI ^P-ia-ill Cjl hy 
(jji (jJjJI JUj 4lojii-_ i4_uL_JI 4j2l>JI l-LLu l-Ij^ _JI »j_fc Jjjs l"jjLjI JL9j 
JjIjj-4jjj_JI Lj^jJjj__JI ^g? - Ujjj-_aj- .4_-L.l-l-I jJJ (jj»j4 <il"i> tl oLiLjJI 
(jtST« .4_Li«JI 4_ujjJI L_il_L__jVlj CjUI_yi (>a lj__- Lju Ij_l_-J5j .l-jUU"-' I (jji 
.(__!___, jjl _)J>-'-'' ll>y -Ulj-J.1 Ljjj? jjj__c (__JI Ljjj-jjj Jjju ^jjLjJI 4J_--C 
,,." il (___ i"iI"i<i" .4 aV i>> l-iL-c 4jjj-»iII L>jJjj_-JI L*jjj->.lj JL__ 1 1 jJ 
l-jLJ-lUL (jjl __;j — II j_4*_| .Jjj_.j (j_»-j (j_u I — a .Lj-j_L>o (__jjJ.I _«l__»j_*1I 
.(jrt .nin-t-II »l < Ullj-" ,< ?lfl'..,t,l j?4 ? ";tl -4ji«U JjjJIl-jUj__-j4jJjjJI 
Ij — L-aLjjjj Ijjuaiscj jV .(«JLJI «.U.J? JS^yS 4jjjJ,l L-_Ua.~i-_-.il jlj___?J 
.Lojlll 4j"i-»-itl jJg»Vlj 4-_JjjJI j-uUII g__3J Ja.1 (j-a .4jjJ-La L-jL—cLa."-^! 

(jLaj-aJ L_Jjj .«I ajL__JI 4jS>L>.Vl (jrLljiJI _j a ojCjj»-;-* _j _, J>L>. (jjJ 

jjjjj_ (_"JJJ -lsJ--**^ ^j" 1- '*. 1 Jj- 9 ^ (--J! _)'"'"*'•»*" II tLaic l_jLcIjliI ^jj_>- |»J c 

jLaj (___>- _jja JjjJo JuJjJ 4jj — ii_JI L_Laj_- JLfl .4jj_>JI __l — -JjLll l_l_ j? 
(__!] 4jjal jJI ,(j_(__-L_t 4jaU1l l_LcIjliVI ^U». l*___j_j .4jjjj>JI U>.jJj i<~,tl 
. Ujjjlajj 4_l jj_ Jjl jjs pjl^«"i JjLi. (jJ» (jL-jVI 4_»_u9 (jA , „-»," 
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*-UIL»»l»--i 

2Ui>_Jl jjLJl at->m'ti ^-L- Jjl _»__)? 1 

L-JJLC J_->J (_A"j ' jjL-" Li>.jJj__j JL ? 4J * o"()U JjjJI j 1 1 ,-»" CjL j«J 

.^ljja (>a «4o».jJj__j jjLJI» 4_j__.l (__ («JUJI 4__L_J .4_Jjj 52 ^JI j»jjJI 
4,i*_> _ .1956 pL__JI _,_ ^Uiis Sj Jt» :_u Jj jJI («I h i-.^m" _____ 
_;jL>JI (j^__JI Jj_>. Lu^jJyiCill _U_ 4j_Jj i__j_ji _;jJI ^«^11 _;jj_«JI jjjJI 

4jjfcL_J,l 4_u_jJI jljJJ i_11j 4jLJTj 4j"L[j_fc~ _,_ ^ -r" i_3j _ij '_>J> inillj 

j J o"lll j_Jj_5J gJ«ljJ (jjJ-^ frl *<• i ".' ij-L_ l<8j^ r L«ljJ (j_> J_i_ 1 1 jj .J_L__JI 

(__ <_U*JI jl__VI ,<_==_- (1 - 14) J____JI o^jj.jjUI L^.jJj__jj ( __l_J 

3j__JI Jj— >. J--J _jjJlj ' jjlitl La.jJj X"n 4__>L>JI 4j_=_JI -_~Ij-JI («— ^ J 

• (5_1) A J _ty^j «-«^ l->! >2008j 2000 _*___! _kj l. 


2008 

2005 
T 2004 
2003 




10OO 2000 3000 4000 5000 6000 701 

































jtj-lji-J-l^yl^^Ojn ii>U(-_UJI jL-jyi n->o. :( 1 - 14)J____I 
. 2008 3 2000 _v_-l jry U 5j__JI JMi (li-ul JjjJI _J_ l_j>- .>>_JI La.y>__ 9 

.(5- 1 _J-I>1I j_> 51 S'i i ,itl 4 j >l m -VI -iLlL_ll _J- ljU_-l__t^l4___l^5_^^ ( _i Ji_JI) 


^■l'-tlj *-,tl- 

^ ■ j ,«-■ > ■ (_— 4 j"i -r i 1 1 j 4jaU.ll — jLoL-L.^/! 4_— >_3 _,_- jJ—JI L».jJj-_J J-Jj-J 

2000) a_ 3 j___ai ___ui _.t_; ,„ii j>u. 4jjj 52 c__l_ __^ l( _!L_Ji Jjj 

j£1j-«J -Jj_-J J-_L_- .^^JUJ-iij 4j___j __lj_-jj J-aljJ _>-_ — -i-b (2009 - 

_v« fk ___JI _J__ l__» . 24468 __JI 2009 f LJI ijL*. ^ Ujjl_. . j-^ 
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J__j j_ 4ini^»ViU CjLjjjJL ^-Jj-I j — j_JI <-_ 4_jL__J.I JjjJI JJ_ 0' 
3j__il ^L «L___V I JjJ-J1 __ >WjJ 156 _Ji 4 „,«•■ j-L-l J& 

iljL- Liajj <--»_ 4_]_JI ' j'-^lt 4__, __J| J_i-j jLi.aj.4jjj 192 L_JJ_-j 

plc (__ 4 i^tinVia SjjJ-»- CjL-JjjJ jl J__>} <__. «LiLJI j — __JI jjj 0 __L_j 

JLUI lj_»^_9 j^Ulu^LJIj t LJ_JI ^j...Un-. -_»j}L-l LoLjJjif-lj 
_,L__,__« j»jjl ^JLJI g ia iiu U __!} 4_L_»)/L l_-_ .^«JLJI «;__i J_ ___a 

. jjLJI Ls-jJjiS- ____ J__ (jijjj — IjJ-J .4_ Jjj _l j-4Jj~ ( njUn _! — ._j 
—LjjjJI _i_ JJ_- jJj J_tj 1 I j_ 5L_jj («lajj j_uj~ j! 3jjj (jja i_ij — oj l_p 

J>L_ (__j . (8 ~ 6) 4175 _*; 2009 J..-...0 i-s» 4jjjJI J_LUtj 4jol,H 

.(«JL_II *Uj! ■ -ll— - _— 4jj__j 4-jj 193475 j__i j-__ .3j__JI _i_ 

__9 (jJLLJI (____JI j __JL 4__L_ _Uji_ __a (__! ^jj! La jUol <_____ 

_i_ L_Ujj_ LL-Uj . (8) 5j___JI _i_ JjL-i. jjLJI Lj^jJ_l_jj («-■ jL---a 
__f< i ii a (_y_- (jAsej (jji-Luj j»L— i_>l (j^a 4.1 <~ijfc»-- U, L__J 3jj inil,l — jl_— jVl 
.(1 - 14) JjJ_»JI ^jt __+a j_, U_ .-JLJI 


j__Uli___ U_>j jjLJl L^y>___ 4^iL^__JI_,y_^lL^j : (l - 14) Jj_*JI 
.2009« 2000 j__i__l jfj U 5j__JI J>_- 2 iw-UJI _,L_a_JL> _al«tl 

.(8- 6^ijii__s____.i_iUU4J i^^ i ^VL>ai_<L f ___i^_) 


L^3UI 1 



_i_ui juai 


4_=>LiJI a ,M _ .All -.1 

J,*l i 

i_jUI objjj—TOI 


.-■!__ .-.il 

^UI 

■lU-II JU_ __ j_II .-.I5 ; .U-. 

4_ j'vi j __; j_'vi _u_i 

___JI , 

JL_ __ ^UI oUmU-, 

-JUI 


___!! ! 

i—U—, _ja jjU' * ■ .U'. 


4_LUI JL»_ _j jiUI oliiih-. 

j__l_JI 1 

2__UI jljJJ lJu—^j -ul, 

__LiJI 
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—jjij i l_Aj£ j JjjL-JI jj>.Ij_LI SLdj _JJ l<j i nii i >;jj_> (_-J 

Lal n"i i»l JjjJI jj^I I (jjlf* 1 i j i a . ^JL«JI 4j_jj_w (j_>jj>j .ln nna J— —i ^ j o < >i" 
_l!_j .jjLUI Lo.jJjj_j JL_*aj 4J-j_JLI 4j*jJj___Ij 4jjj_JI 3U 

j_»j .(2008 - 2000) Lj__ _jj___I JjL__JI 2u_a>Jl 3j__!l ,j__j J>L». 
j i^ll o-» ^'Ij^-nJ LS_j .(4 - 14) J< , i :,ll j& JjjJI _JJj ,_JI Uj___,t 
(_Lc -jjIj <_jJI i jj_JL> 5 rtlt'U 4jj_jJlj <u<il« II cjLcjjijll <__a (-aJjlII 

. 5jj_" jj.1 5 jjjdl J>L>. <LJ.L_I —iLjjjjJLj 5jj ni i a 4jj_sj 4_ljj 1000 



JL>_. ^ ^-Yl JjJ-JI Lfcd_ L-Loji ,_J_JI -j-jjj- :(2 - 14) J___ll 

JMi- .ainin^"',!— -J,UJI «jnltll -iL-ijjjjJL «j* >. ; TI jljjSri j— — j _, « I iTI i*i -»«itl 
jJi U ,_l_ <J__JL ijKib^ll _DUJI 2008 j 2000 jr>«UJI jruU 5 ^-ill 

.(8 - 6 j^i^i >4 ______ __.>__. __>*_ 


1.1 __l_ «j-^j L^ __i jjLJI L»-jJjj__i i ' i i '-->j— > L_J — u Uj_o L__? 

<_l_Sj_L_ilSj_p.jJI L- r .jJjJS__l L^V^jj.*l^ jl^^^jlIIjuhUJI 

— >j (j i <-> j 4_aJ_jJ.I 4j-wjJj i*v" 1 1 oljiii"!! <j_a j_jj_j <4j l_L_i_'I j»jl~l J JSJ 

.J___L___JLj jjLill I jO-jJjJSLj _jLi_J (JJJ— -i <_£_■! jjjj .Sj 3.lj iSjjj ,__. 

La_a ijjjj^ajjlj ^ljjVI 4_i _l_j ^jjii « (_fl j_iji_j __ll 4 nl'i-tJ.1 4 j— . I i i n 1 1 

iJj? (jjjjl j_a_"l .jJ _Jlj _)L»__U _)L__j JL__- (__. ^jLasjyLi 0 ii<t'il 

(jl L-j-i. ,j_vj ^Jj . J — i_3 (j_a 4_Sjjj_a jj__ («J 4jjJ_-. —)1 njjU" jK "nl — II 
jljJiJI (^jLJtLa J__ jjj ,j_a J.'j— U f L__--M I j gj jjLUI L-v. jj j__ 
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JUU 3_UJtjJlj 4j_-Ljj_1 Lgjl IjjOJ i^gj l*C 1 1 4_l_ t i ■ — II JjjJI OLsjS—- (___ 

__a j_u£ Ld__ |-. T ,„\ (__t1 _-«1«ll JLJ-J1 |-}L_L _-j- j- }LjJ-> >-, IU _,l 
j_ 3j_i_-_l 4_uj_1 _.j__JI JljL 4jJL_-JI __1j_-_^Ij 4jjjJ__-u_1 CjLIjjJI 

•^UI 

«J , „11 Jj-ii jl «_ijj ^LljI 1 jjLJI L-j.jJjj__ _jL~».j_-_iJ 4 4jjL-__JI 

«J.mUj__Iv;UI jt .4j_ -J_- "5? L__aj . Nano-products 4jjjLUI _.l v;;l.lj 

^ 4jjL*__1lj 4j_-l___J1 _jl£j___J I j_ijS LjUm .11I LsJlA (-,-»■■>>! 4jjjL_!1 

-r n <~> I j . _L___ll _-iL_j 4jJ,Lc. _)j-_, i— - W_>-'' _>-* -— jL* 1 ■ ... 1 Jjj-Lso 

L_-.jjj__- ji — ___ jl .«Nan jjL» 3 — jsl 4_, — _d __jjjj g "■;■> J_ ._,.i 

__-Jj (.".j.-- ..«JL-JI «L—jl j£> (j 4 (jnSlLjj ujJ.1 jl tajl a i 1 jjl«* - - j ', . -~. 

._-jL«JI 1 'llij" 1 n 1,1 _L_) (jja jjh ;1l ^L-^'-" LjL>J —*-ljj 

j___ll_^jjj_i3.^-- jUllmYl* 

_jL__-L_a __3 i_ij-_JI l_L-> £-U__a JlLo L^jLSjiij 4-lC.I ; inll JjjJI i',l--J 

4j2ojIajJlj 4jj-_ J I 4l_ __ _ I 4_*L_.j __ll i 3 'j~ i_| -jl-jJI d-voL- 2 _,j___ 

CjLIjj (JjjJ- (j-- — — Ijj 4 — a, I ajJLI LjjL>-jJ*ja j K" L > lj . jjLjJI 1 — j^. jjj \K~ 1 

lj___li (jJaj (j a (____s_jj . 2_ajL-_JI 4__jj___II 4j<ll,l __ il j_>J -Jj__j_- _ 1 

4i<1 i«j__-_JI i__ j_JI» jl «4-t>L>.jJI» SjjI u_a (jlUla jjjj J_3 j-la" 

S__>jj- jjl ifia (3L>-J .o -UJ-a - 4-iC.I o~-w I ,«j__L__aj p h II l-rjnijjj l_u£_" «L». 
. Jljja _l _y-JJJ (-?l jJ _-_- _-_Jj ("-"*-" O-- jl -" ' " i " MJ 

^oJLaJI ,_--C -■ jjnll IjM>-JJ cJJol j-JI 4— jjl i^|->VI SjjSLII Cj lAjj jjjj 

J^ l_3 (_y— 1 i2008 j>.L«JI i_3(_gjj>. j»Ll (j-a (_) iij«~t j»jj 3j ajjjo J_u igj . i»t_i 

i . i n_-a (jjii-sj Jl jjjV1 (j-JJjJ 4jjLl__,I (_-— . _-Li-U jL»jj u.'_ , l 4_L_j 

jjjJI <__*_>! .ijjjJLl 3 ■ n I ,--,a VI 3^j_J| , '|l~ CjLajj _jO_ii La^ -L«jj_i_ 

(__- (_-ijJ" .OjIj _;j jL____I *Lu __3 Lj_>.jJj___JIj j-j — L_JI 4jJjj _;j — II 

_- ■"JU 11 Jj- 11 «jjLUI Lj_wjJj__j» '♦"_, -1Ij.4jj-jJjJ--JI 4___j_il 
. 4__j__> ' ■ ■ •"■" I 4j__jj1j___u _ I 4j1jij 
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3l>uVLi jjLJl ,_jL>__i4 • 

SjLacjJI jjj-, _h"L»jJ Lr 3 * ''d* ^i^^ij 'j_9 J '_J J --'' Lj3-jJj___ (*JHS^ _>"J**ij 
jl j__. Vl (___ L__j_wj J ' jji _r-" L^L*lLoj l^ il i.i l ji_ JMi- <j_« i(_-J.L_)l 
^ ^l^l^jJo^^j-^^I^L^ J^^(jl juu rJ j juj Ujj 

L^jLJo (___ J_-»o (jlj . -Ijj-i^lj f_ljuVI (-jLt-iJ 4jjil_JI ,_jLa_l_U J__i_j_ u l 

I*-» (jJjLaejJI ^l jij— II !_-* 't-Twj/L) (*J L_o (jjj . j j-mJIj --jaJI -lil iui 

_Jj_»JI -j#»-l Jls .4jj__>JJ «>£>-- , l _-L-ji_ 4-L__>u ^jjl < J__jlj_i,lj 

.j»jlflVlj t -jL_.-'l , u ~u ,,,jll Jo^i-j Jj T ,„-< 3j-fr>-lj .4jj_->JLI 1--.U4JI 
Sljia. Sj_u___ j»bc_-t (_-- __L_LU ___J (jjo J_L- (_£ (j^)-*. ,____ -j_L_JI 
JjJ (j-a 4jj_ (jjj____ j £j — _J u «' "i 4_^ j-_ i 1 860 (j*o jj_1 ^JjJI (»jj»JJ 
(<-a_». jJLi .4____c_ 4__jjjLi oLs_Li-J jJ i- ^LuL (3 - 14 J£ _JI) (-_JL_1I 

(4-14) J__UI urujj . (10) jVjj jLL« 146 j__i 2007 f L*J1 [^u^ 
S il) 2008 r UJI 4jjjLUI c_jL*jjJ.I ^y* 3M-,VU __L__JI oUjJ, 4jj_J.I ...,„;ll 

(5 - 14) J___JI J--OJJ <U_jj I j__ .4_3 JSJ 4j~j.U~.ll __VL=_1I |j_)j 4_^3jjj 


_.L»jJ.I dll. (>- JU__UI JjjJI 



iiiu- jj_n 


„ , t i jj__ji t ----a-j j -m ^t M , iT ' ^ _-Ut_ J -: J -_-ii t -jjj-=(3- 14) j____ti 
4h n.i^.-ijAn ,»_ j___ji) ._,i_j___i -___t i_j_.i .^iuji (-.a, .M.yji (jjj.--- 

.(10 JJkjll _H> 3l____II "lj'll,rT>.yi _jDL_Jl (_i_ IjU_£| -__J j>XI 
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^i^iaioL^iat^aAn^iiou^ijjUtaa-j^ih.i „,vth(4~ 14) „w 

a?u n,-t (6 JSL-Jl) .4-_a J-J 3l, 5 , .hl II _.. U>-,l J-3j S-cjj- <2008 j»l__n ,__ «__3__ 

.(11 j-»jii j-" - I :' , i'< — yi CiijUJi bu_ci __ijii a___ijj 



^niajjjini-ii »--11 j^4Ai'^t,i-ii_-it-.i.j;t,4-j > -;ii i ,„-,ii:(5 - 14) j___n 
a _^__^js ,t,n).A_9 j&i KiFiiiU-ti- ) y- > ii^ j -cj ( ^ i 2008i»uji^i a ?ijj ) ,„-.(tj 

.( 1 1 j^jll Sl___il 4j___o.yi -IjUJI ^Lc bUIcl -iJill iU-,!^ 


jjuit _j_j__i« a_»u_sj _i >__- vt _jt*t>j • 

^LkJI ^^j-LII ^_-J.-JI ^--L-UI I ____ ,U ,„j ^jljJI o— * 

___ «Jy__». <-,j1L-l jK"nl ^ .«LjjLJI c_jb__UI j _JI ^LuLi 

_ J l_ J ___ ,__>_>. __]1 .4j_^_J1j__l_ai j oL_«L>J1 f> _j _J ;,,,^jJlj 
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\$ i Miill jCl.-».''i . 4-l>. jJ j i^" 1 1 1 ^jljCija 4jL_». (--_— ■ i^l ~ay\ 

-JJjj -jIjU«j 4^jJI 5 ,;-.l l J ,,^1A-1 I 

<___! £_l j_i._"l -jUj-> jj_£ J__j J_j .^1 j-i.."! _jUjj<3jj__ (j__ 

^jjjLJI jlj LLi 3 si.-.M ^j.^l^ll 0 _ _jl^>JI _1_ I d J<- <-.! ,,*>-». 

2000 <j^_JI (ji—. L.Sj__1l J>U- <l d j1r L_o.jJjJ__JIj 

. (15 " 12) 2*Ijj 44867 ^l ,2007j 
-_-j_UI ^l j_---"l _jUIj_J ^U^I _j_JI (6 - 14) J__JI oy±i3 

(jij La ĕj_— Jl J,V_- jjLill oL2jj__j I j-»-j tj '•^"•> 3 ^l.".-. £jx_lj_a (_3 

. 3j__J1 _1_ olj__ 3j____ JS icj^ . 2007 J 2000 _^-UJI 

___ ^gj i i n 1 1 J n ill JjX< J_) uij>^9 (_)l iii-». i JS — Jl I j_» j_yO __j__AJJ 

j_*_ (_JI J___.j ,_;jJlj .-jj____J.I 3j___JI -ju- ,__ __UI jjJI _dJ_ _.lj___1 

jJLill» ^LuVI £L___j ^« »_w ___» bjUa I j__j «j U_« <3_LU _, 18 

__JI jt____ (-—II 3_»jL_J1 3 jjjLUI _ -l-»--iil,l («^«- J L_jl j 1« (___>. jjj___ 

, (16) Lj_x_ jlj__Vl 



1989 2000 2001 2002 2003 2004 2009 2006 2007 2008 

_il>__ _!_ 4fj>> >.-JI l^y^l__)i_»l*JI £l^_i-Vl ->lct>J JJ- :(6 - 14)J___JI 
___. bUiel __J3ll '-h nibja.-ii^-i fu _____!!) 2007 . 2000 jry.Uj-1 L_i S J ____1 

.(15- 12^i^i l >»5____ii^___.yii_ijL ; ji 


282 


iji £+i.y\\ _--_ 3 Jil*JI i_u__-tl 

Sjjj_JI L^U__i~j 1 j_j|_J1 L>.jJji<"i1 Sj-JiljJI _l iijiU"11 jl lol ^ 

L$J J)~-r~n i_fljjji <tfj_.Li j«JLJI Jjj (jpi 1 L__ L_.L__j_ (_-J1j 'Sj J 1 - i . t lj 

:4_J_I _._JI L_jL*jl (j__j .4rtl'Vtl i_j_l_tl ,jjj jj_ 
2l1jj_I JL>_»« 

.43jltl 4j_.jj>JI j 4jj_l 4j>J_- - 
_l ij 1 ii-r~i\\ JLiol J>_- (j_a i|»L>JI jljil _iL$j_l _ _'j_« ,jrijii->-"i — 
.jj_l La. jjj ■<") ,_,!_: 4j»_L_JI 4jJjj*_I _l___J1 ^js 

SjLaj Jj_- (jjj iJ^-U 4jjltl _lj_tl j-J-jJ tlil^jj — _a (j^jrtT-") - 

5^Uljaj"jAII Lj>L>JI J)jiU" jjjJ- (j£. '^...^.-..W 4_,LLJI (jja 4jUii1l 

a^p^iajLtjjiji-iiaji jl»_»* 

jX. J--J.I — 1 ___Jlj (__, 1 U 11 (jr-»j-fc _J1 4j_I I » i <-i aj 3<;L__ 3_l jj — 

.^!j^Vlj f ljjVl 
.4jjLJI jjjaLUIj tljjJI 4j_,_ j_ ■ ^" - 
■ 4-LUyiMitl ^Ijjs^Ij 4lijVlj (jLLjjjJI 4__l<_« - 

.4jjvIjj>JI _ljl n»11 Scl—T SjLjj jjjU" - 

LjjjiJt iLut • 

aLjil 4jl-s"ij 2 — >JL_« (3i>U (jc ii-jj — —II uLjJL 4_L~T j_L__ j — jijj - 

.jjLJI L-iljiS') 4j__,Ijj 4_-JLU 

jJL_ ■ -jk»*. (Ls Lc JjjjsjJIj iuLJ.1 jjjjj _l j*"' SsLjl? 3j — 

,^\ ( _Ij____,>U 

*IJjUI jjIjm»» 

_>£. i4jjIj~- i<->11 <_--->1j VI — "iLua*" ulj .«L_JjjJI 4j^iI1 3<;|j_ j__ 2j - 

.4jjjLJI CjI 1 tl ^ljLsejjjil (3J>-» 
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»-U.L»»j»_. 

. L$j Sjj>jll 4-ujjJI _Ljj_I.I 4_>JL_j .4jj_JI 4_-jLj _-_> («___JI - 
___L_lj <4__«_Vl ■■.!■«■*■;> "ujljuLll 4_»j_l jj-j - 

S __U __-.jj.U_ J_k 

i^iUI ____ _ > -L_'_ , l (___ >iLUI L>.jJj___ — 1 h~m (jl __Ij I j__i 

1 jlj JL3 (jJ jJI -pJJ 4-_j___ i_J_J_ jLjI ___> .SjLU oLojj|.j _lj j__> 

L>.jJjjSLlII jj-s-i £jj (j__>. i*IjjJI __!l -J- 9 4 ^b J ' AS**- ji)— 

.3j-l>._'I (j__«__JI L—ljiintl J>L"- __- ."Ujjli— JJ-«Vl —ijlj __j .4jja__JI 
4jjj->J! L^jJj__jJI _il j '■ -_« jjLJI L>jjj___ <_l j_i_ ■ ■■ ***■! -~. (j_>. 

(j-u J_-Ij_JI lj gJ _>_ ■___• .«-__)_-»,ll j_jLUI La.jJjid» 3 __-_< >J" 

tj-a 3jL__ l__M Ijij J_I_ |jj ._,^ i ill _;jj 2_uJ — ""jLjl^jr; 'm^jJjJ-— tt 

Lo-jJj___ (ji "__l_- .4__jjjj>J1 L^jJj_jJL 4__L>JI 4jj_UI _>-jjJ II 

4j-_j »rl u_l SjLj - (4JJjJI «L -_JLi - _-*.-J I j_J .4jjjj-JI L>jJjj_JI 

(_^uj_Lj _(J (_>_jjj L_ua i jiLJI I j»-jJj_jj 4_jjjJ.I 4j_tjL>. VI <>jj L_-Jl 

.-__>___i ,j_-j_i *s_i___j .ji_>ji 

Jj-ljj <<L__>L» L43.J :(j_L__>.j -JljJu». L>. jJ jJ__ J__ (jt (___! l_1 — i Vj 

*'>*• l>" '-4—' J J ~ 6' lJ— 't- — ISUIj JuljiJI 4__j__-e_a _, 3 

(___l jlal_— Jtlj —i L, lirlll (j_a <Lcja T< (JJ-«J « Li—lo» Lg_>-jj < I jMSjiU" 

_$jj_JI jj-SjJI -;— ■! L_j-jJj__ J_j . LjJ _-l— Jl (j mUi'I >ir _j_>_i __ 

4-1 .V" ,„l (j_jj J__ j-p. ,4jol ,„11 4jjj_JI 4_LL_JI _LIjl_l___Ij 

_______ -JV__ 

4j_L>JI 4_aj__.l jjo -Ij Igmiii (jruljill _jjiU*i (_,iiUilt (jjo _>jijJ jjJoJLjj 

_iL_j>.jJj__JI (__!! >L____jj L$l_j ■ -j.u ll.l oLo-jJj__Ij _L__JLj 

j_ —jjjJI) _L_JIj f»j—J Ij 4jjj_J ij__II («_s_ , I 4__t_- i.-.m* J__j 

UNESCO United Nations Educational .Scientilic and Cultural 
(j_« 1 j_li_- 36 ,<_-_— .1 _ir 4__u_ 4__>J J>L__- (j__ Organization) 
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^__1 L^jic. <j__J _ L^JUcl ___ _-Uj i_flj in*il - oL_____i_ill 

The 4j>jJj-Ci]|j «l-O-JI -_sjL_J.I __L__»>UV 4jJ.L_JI _. r m»,-. ...„j<ti 
World Commission on the Ethics of Scientitic Knowledge and 
jLLu ."lJjjJI __UL_UI _yi ai.-i... ____ Technology, (COMEST) 

.(____LU j-UJI jjj» jj__) 3 IjJ (___ L_j__T _)_> ijaJL-II ___- 4rtl*y « fi jH-ilj 

*'>** l>" Uj-J_V_- Ji"-U 4j3X__'_I LL___JIj jJaLa-ll jLul -____L_J. c_±)jj 
J>Ai- _>_■ <Uj_ft (_£JL-__JI 4j_j_j .^jjjL-l jlj-JJ 4j3.j>Jj___JI ,-.ls ; ,U-.il 
. 4_j\La (j_jl ji-j jJo I 

,4j_iL_ __llj j.Ujtlj ,"ujLi_-JLj ___*JJI ojj* JLa_-l _-jjc* J_Sj 

L-jIjTj L_jL_jI 4 Mi«lL-a j-a < l__Ju Jl__jj jJoLaJLl i'LL* 4jo in~i <___ "UiU_J.I 
4_JL_JI 4jjL_II SjjJ II (jiu-lj. (____ _j| ___>. ______ jjjj . -.aj-T-U <_-— - 

.2003 j-L-ll _, - J; - _> _jj_i*jl ___Jl M , a j_JI»i -___U_3.V 
SjjjJI __-_l <i"-_-I JjA__ __Jj_>j .JjjljjJL) «j_>jjL_«. _;j j_ jjii 4_jjl_ (___ 

2005 r L_tl (> _>_jLa (__3 __J___jl (___JI , lj 4_*1I 4__>l jJI 4JJL-II 

J__c _j_j_* Jj_> __* 3jjj__» 4 ___L_l i j_MjLj ___ «i_Jj__iLiii ijjjL- _____ 

4jj1__II jIj_'I jLjjI 4__l3___ 4j__J___. 4J Jjiejj .4-_*JJI _j__ _j~ i ij (j-sLi- 

"LsJs-Uj -I .:-<-Sn JjjJJ AjJil j»L_JI jU-VI julj .«5j_.j-_.jj a a_u j 3jj___.ii 

_j-ujLi 4_jJl« (__3 4jjI iTiMi I ĕjjj __Jj Juu __i_*JJI __>J__CJ . ĕ JLs__U ,«_~_M 
i"L_jjjJI __Jj 4___»LU __Ujj 2006 ^LiJI (jjs jjjjj j__ — i JjLi- , L__jj__j 

"__L__lj __>Ljjl__JI _,- . , 4__L__>L, . (jr _l4_!1 J< _J I ____ ___L___> ___=- 

. LgjJI _jLj__(j_ 

_L_j__>_Tlj(_ > __vL_*l__-i jjLJl ___»_"__•• 

tjj-Lll Iju* (j-a JjVl _L__JI i rt i <->" i - j__« jjL-JI Li_kjJj__jj jlj_ i ~ , _i Lua 
^-ic. 4jjjjJ.I 4j_il i n II jlj VI J 31 «i*-». 1J jJoLieJlLi (3.1«-"- '_>_*■ lj_J I o- 5 3c J*~_« 

(jl ,j_L*j (_,_JI jJ_ LUI -dii jjuT _H» J_Jj . a-kt-i-JLl -_VLai (> I ,-|"j,ln* 
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.4^>LU LLu-i - 

.<Lcl <£<y\ LjL_x3 - 
2j U ,Ua - 

.«uSjj bL-_-3 - 

.4jjjL!1 jljJU T0xiC0l0gy 3 j 4_Uj_L- Ijl ,:-*> - 

"bjjLJI jljll 4j p 1 11" L» (__JJ IjJaj .L_jj_i_-J Ijuiju i____jI1 _.|_J jj 

(j-a lSL>--^ j — JJJ _£jJI j-9-M .L$J -j < ii" ^^aljjej I _j~ i j-» .jjjj$-j 
: W-i? (j-* Lr^h 'UiH^ '_£--' 

jjjj I j_*j . 3jj_=tJ.I ijuJLi Jjj____JI «Lul (___i I j"...l*. « ^^ic SjjlSJI j--__j 
--l__-l Ls Ijl Ifllj1r La JLUjjj L$j1_. SjUj.nll -JjLa-* _gl Jia JL__J 

l_i}LcL__JI 4j_iJo _fUj L^joj -__JjJ <jl <j-_j_J1 ^lj _--j .l_U_ __JJ j-«Vl 

0- VI . LjiLojl <___J1 .4jjj_!1 cjjLcLUL. 4jjI U ,YiV1 5 jl , ..1 , .,-,11 

,4___L_- L_.L-i- j J_li____l J>U 

L^5jl.jl>. o^Lcj^j.ajjjLUI _lj<_U *jp*tifl\ oVjuJI £L__jjI - 

(j_L>.Lb (j_a 4juLj SjjU-- (j__j_±JI JLic Jjju I j-Aj .4_L«jj 4j i "jj ■ -»_■ 

.-_L i _ , l l-jL.i.V,,„>L1 -___iU1 jljll __U_ 4aL*l _,L__> ,__u_ 

j| j_JJ 4-rnl.l JjjJI 4-_j j__j _J__1I _LL_JI (<ij'-*,ll I _L$J _$_-_j j ■■ < jjfc - 
4__L__>j .!aLjj______ll i_-lSjiU*llj ,j_-.lj__'-'l ___) ^J_*J i__i ___JI 4jjjUI 

. JjjLUI jLjJI 3-»l,..f 

(_-_> Juu l_!jL__-_- ,J (jjjl Jjjjl CjLj.--- -Lic L_ijJj_ *L^ !_>__». Ijjk - 

___c ^juJLi j . - ,Vi (jjkj *___.i_- .jlsji i jlsj j t . V (jl (___» j»ji js 

' ?l l <Vii<1 (___» 10_ljjVS (___» (_-IL_JI (jJJjjJI Jol __i]l (_yii L$j£jl __~ j-__C 

.<^--,UI ,jj__JI 

JjjJI .jUli* _S_-—1I ._;_L<__-_)- , lj (__-_L»JI _Ll_- <-jIL> <3_--j _,„ -*-Ijj* - 

JLj « ~~ JLclo-l Sjl jjj 1 4jjw jJj i^* 1 1 jjDI L_ilji"i" i_< Sj (jc <l nl-r',U 

. IjJJjLtJJ JjLJI Lj^jJjj_kJ 4 ijrt m jljj (jUJ I (j i j I 4-lJ>.jJ j i^", 1 1 3jTTrt1l 
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o^LjJLI^ jjLJI Lo.j]jJflolSMU-.»a» Tl t.llj 3j__IjJI-i___JI ___1 

4jL_ jJIji.UIIj . JjjJI « J JulII .-'j;U .-',.-,11 LL___I _j_-a_,___JI 4jjLl>JI 

^l 4l^J -_,__il 4_JL_JI 4_l_!S-I _--U_)M £-»Lj_JI Ij..^. <j°\ __J! ^jT.nll 
United Nations Millennium Development Goals MDGs 3.__t',U 

<__ljU__M (j j n -»-"< t iiiLul JjJ-aj _Jjl 4 j -— ■ 2005 ,»1 *D 0j-jj-_j _■ 

S j__. _>a ■ -j_l~J Ij j^.-.llj 4— lU-,IL. 4___L>JI 4_Jl_JI -_>_J>U -__j_Uj)M 

JjjJI __lc «MjjjLiJI jdl» J-----J fjj ,_>_»jJLIj j_i_J1 _>c 4__>-l_JI JS"I — __U 

,j jii^J <__-C (j-« »4_S' <«JL_tl _JI J mjl JlLoI Jj ______ L>jJj___i 4 « I ~m U 

>- JyJLC Jj_> (>o ^L____/Vl (j-a I jjj- JLjj 3___IjJI La-jJjiCJI __> — IJlij 

,Jjjl>jJI ,JjjIj__<J . JlLJI ,4^j_j>JI LjjjS ,(j_y__JI JLa ,___LJI («JLjJI JjJ 

,__j i U iSjjjsLij _ iL^jjjjl l_ijJ_». .(jljjLj , L-j_ .(jljj| ._r< — I_>.j_M 

.3jLiVL jjJLsJI (j-«J . 4jj_ _j_ijA_JI jjL>J J—-T JJU-J , LjjJU . I j i n j iJJLij 
jjLUI 3jjj <-.nj ,n (__JI 4j^jJjj__JI <_jljjjJI ___c 4__.L_JI <_jL__-L___JI 0 \ 

. JL»JL3kJ| L__— -Jl C^ IUrtt 4___J j-U __UL___J1 i , J— — J lj _Uj->JI 4__L_I__ Jj-° 

4jjj(j<ll _jlj_J,lj Sj\jja.Vl <______ <_-IjL _JI 4_-Lj__ ,-lj __Ulj Jj_JI 

(_>-Jjj j_1 jjj ,4 I_1__ 4-lLlo 4jj_— j 4jJj II UjI j ^L-j-j .4 jjjj___I _Mj 

(jl(_JI 4_)L_-)?L Ij & . L_jj_)j- _>_ 4jjsLUI I Ujj j-*J_i 4 i^» <>> Jlj a? 

,_j;j___I 4_tcL___J1 JjjlJI Jj_>_>a J_JL _j___i j___, c J ULL__JI l__Jj 
JjjJI LiL__a (_JI J j -~H L^jJo ___ ___JI "ljjsLUI Jjj-JI _>J__j _,___« jl 

(Jjjj/ jL«jIj 4 _sL_LI ___. 4j luIjJI JjjJI 4 a _ a >« i____u Ujs ,(__a___J1 

. Ljjl a |jjj , ,i~il (_J.Lc 
J>J _ys Jjj lJI .Ljj>-jJj-iS_l oJJt ^js 4jjsL<JI LLtjj _Jl_>-j Jl9j 

.__JIj «LJLI .4ljJI .ZL__JI _VL*j»j 4SU-U U_L_a _> jj_ J* 
■ 4j ij1S-.1I (JjJ—lj jljll LJ JjJj>. jL*jI ,>c L_jjj*jz (JJI JSLUI Lt_ 

f L__l ^J- 4JL_JI 4_ufcl _U (__JI ^jLLll CjI ~ij ,U'i (^JJJ (jT J_>jJ.I (jjsj 

(___» Jj_c (j_-j_3 j_j3jJj ><J' -r^eO-*^ ' (-"h 1 ^LI_uJI 3j — _>L__ 

. 4-a j_L',U I gjl ; j;L' ^Jj. 4j_jL_JI 4-l>.__)VIj 4jj_>_jJI _1)L--Jj__JLI 
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_)l j SjLx>.jJI I jjyjjj i^"itl L$jj£ (jjj^ J jLJI L>-jJjj_j |_jj_jj i I j A 

j-« J_.lj £_* i S jUjj *J |-.j->. ,SjjViU _Ulj-_ _Vlj i S *L— jjl 

I J_ uJJjj ' JUJI 4 <j_iU )j • (_, Sj i U") JL— (j~ j-— >i 4jjjL]I I (j")l i o 

jjLJI l^jJjj—j __!__ <jl jj>-jJLI j_3 1 1 jJ .£t"jVI 3 SK" (_)^jiiV") 11 
X i i ii 1 i)<i.iSi J!>U. ,j~ -JJjj ,4-yjLJI (jljlJI ,__- 4_l>.1_)M SjjlSJI 

^lc Jj_v>JI (j o i r \ ) 1 — ,4 i^J-> -jj Sj <"na 4 — jiji inl _LJ_J Sj — jJl>- 

j^ «j (^yjJI ijlijjl — jl jjJJ.1 jjo (____»_> jj_ Vj Lji_ i Sily.j "5? ,4_ji_o 

. L^_*J_oj l^jlr Sj Uj i n II 


"> jhmji 3^— tljS-i-lj—'! JjjJI jj_*l L__wjj*j_wi« 

4jjjjJI _jjJ v L_i_ (>o (2 - 14) J___JI «j^ L_o,o_jJI u \c 

(jlJa i jjLJI I j3-jJj__jj (oJjlj (__>_>! >Jl — __J (__a_JI j__JI 4_«.l — _ jj_ 

0* JL*J.I Ijljj 5 SltMI 4^__Jlj iuJ_l "___iVl ljLc. __Uj V lj— _ 

(«JLJI Jjio JlLo .(_!jVl Sj-JJj 4jL_ ,L_ — _ Lj_j U£j.4jjjjJI iTiSl-tia 

i__l jjj (ji <j — __ j~— I jj^JI JjI ji <y* (^j—i—l 4^L_JI 4"ljjii <__■ 

j_o 4jjjjJI JjjJI (jJ» j-j—J 4j~i-r_itlj 4_j_jJI 4___Vlj 4jiS"itl _UL__VI 

L«L__I 4_j_JLI 4j_Ll_JI JjjJI L^jJjS (^jJI _VL-Uj _UU_>VI .«I I") 

(_>JjJI ^jl-sll 4 "k : ^ySt, 4jJJjJI I JjJ (jjS (j^-lt I — JJjl J JL_ . Ij Jj£> 

(j__4) ^ljjjtil JL__IL __.jjJI jLkltlj i(ji__ .ojj—l .4JJJ. .,,11) 
£-~lj-> (j-i—Lj (> (jj>__Jlj (jj-UJI 0 j_1 (j_ JjVl j_JI _Ij_j J}U. 

J_>L_JI I jut> (^yJI _uj_>. _x__j| j_)j . jjLJI La-jJjJ_j j_J ^jyu j-lj-oj 
. jJilj>JI Jlo .^j_.i 4 SjS,'l i 4jjjjC Jjj ,4___j JLUI (_-9 (jJj— I (j^JI 

4jL_ <*(___ (^Ji— J-J u!j .(jjia — JjSj '(j J J^" "-jljLoyi .(_>— IJJ "-JjjJ.1 

jo_j u^Si 4JoJi_J,l -jLa.jJji'v"i1l jjj 4Jj_*Lj (— ijjJI (j— >JI ^Lu (___l_ Jju 

L_il _e Jj»J jjLJI L3.jJjj_j — jljj? i SjUjjj .(__jjjJI jL__ VI jjjjLjj 

4j— i^-itl 4jI_ jJI jj-JJJ (__jj_JI (j— Ijll 4 ,"„ita (jj L_sjj ,4L__i _ll 

.4j SjjUtl _LojL>Jlj 
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4jJJ -^h U ij uJUjJ La J£ I i""-- J_S LljJ Jj_JI ^jln" .__ V .*_jJ_JL>j 

U-Ul Jlj U Jj^UJLa ^L! ^A^ 1 JL*i' ^ (^- _ry*- L >J »> 
U>-jJ j i*v~ _jj__j j_aj . L*j j,l __-__ 4-J.UJI 5 L__aUtlj .Lal ij jAjjL 

L>i-j ,»____>1 i3j-i-L-JIj 4_l-«JI JjjJI — 3 4m-t jtl oUUjj_VI (j_J jjUII 

5jJ«tl 3 uaLUi 4aU ,-,U A.t jl_ ^ <4_li ___ajJI ^j .^Ullj 
US <4S>*llj ^*— UJI > ,«_L_J1 jUr, ,„Vl ^U» ojj—c j .4_jj_jJI 

_J <__ jj-iJI _p»J ._U"_-_'I — Ujjj 4jj____JI 4j__1.I 4j^_»! <*jjjj' -— 
(___ AjjjLUj 4 -.1 A< , -ilj aj -j _,|j ,4j<- Ijpyi 4jJa j-jl __j j **•"'*»• J 

2j_L_ .jlcIjJI UjL jj LgjUJju 4jjjjJI _lj c 1 - 11 *- | *'-lj J j'^' 

<_5 jJI jJLSJLj U--L__jI (jj uaM __fl (_-a--J,1j ._*J_»_JI I juk 4^_».lj- _,__ 

.(JjjjJI IgT-jjlj -_« i , , iiLuj 

U 4_)jjl_ 4jaAI _,! iSo ._-ljJI <___ (_j_« (<uj__<JI _-jL_JI J_*j Jl— _J 

JjjJI (j-a-J __- iJjLJI U>.jJjJ_uj <-Jju 4 ii I «~, « 4jj__j 4__ __j| (j_« Jj-J 

1 JjjIj-jJj L_jjj _)IjjI J_» - _/J Vl (jj •*■ 1 1 4-_U— 0 __3 LJ 4-»__l_J.1 

4jjUJI 4j",-r J1 4 U ,*;.'. VI «_a jU__J .1 I juk ,___ 4 j"i-»- ill U_U__il 4_ijL_Laj 

-jLjjjJI __a jjLJL 4_U*LI 4 j"iT_JI jljjVl j (__a Jla-J.1 .(_-___! 

_-l* »_« .2008 ,-UJI 4jUj ^J 2000 4-__^ __« 4jJ.UJI 4jol«ll 

4j«UH _j>L»J,l (___ jl .-jIjjlUI j (J___JI _jI__jj ,___ gjj Miill jtjjVl _JJj 

. _)i 1 m— «ti (jja .4_ium 

~» , ,I.H A ...iti ",* 'j j *H I . !,•.*> • 

5jj __J.I _j_*j_I jjl_. (jnj 4 ijLLa (2 - 14) Jjji — »JI _-jj 

L4J __jUi (___ll . jjLJI U>-jJjj__j r«l_. JU_o (___ 4j1UJI -jLjjjjJLi 

4____a (___ 4-1)1 jJI tjj -.VI 4_luLJI JjjJI _j-a _)>i«;J .4jjj_JI JjJ^ II 

(j_aUII (jrtJ U 3j__JI JjU- _JJ jj . Lj i_J 3j_3 ^-S jl J___uj Vl jij _Jl 

.2008 j 2000 
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^ _i___,i jjuji La-^j^iSj jl^^ 1i ___j_Ij_j^_ji j__>»:(2- 14) jj__>_i 

Jj« iijli» :4jJj-JI Jj--— ' <Uj.--ldjollll — ibj5_ILl <l jl-Hill JljjVI j__j 4_a_S 

.(7 - 5 JJ»-ljJ.I Jj» 51 n~ ■ 11 - -LiLu) .L_ii«jl_ ^3 Aj^UIIj rtjl-i mjl jj__l JjjJI 


4jj__I 
JJIj_.L 

^jLUI 
^ 

4jj__I i_»L_ll 
OIjjL. (%)4JUI 

_i_«jVI 
5jj__ll 

<S s a1\ 


0.18 

0.58 

0.43 

0.300 

589 


0.05 

0.18 

0.13 

0.090 

182 


0.05 

0.17 

0.12 

0.088 

171 


0.04 

0.12 

0.09 

0.060 

122 

^jill 

0.03 

0.10 

0.07 

0.050 

98 


0.02 

0.07 

0.06 

0.040 

69 

UJjVI 

0.01 

0.03 

0.02 

0.02 

32 

'*'_>»•' *_>* Jj j 

0.38 

1.25 

0.92 

0.650 

1263 

£ J_*J.I 


5.ik.Hjj _j-—JI Jj— II o^H '■ 

0.76 

1385 


0.53 

1017 


1.74 

3363 

Jjjlj^l 

2.98 

5765 

f> _ai 

L_. i 5jl_ j ijjiLill JjjJI __j»j : LoLi 

18.00 

34825 

Oy-JI 

12.00 

23217 

jj-OJl 

4.00 

7720 

_ui 

34.00 

65762 

f> _ai 


:(jr _ ,4-kjjjo jjjjol 3jLC Lil -____ ^JjL-JI JjJlsJLi 4jjJlLI CjULJI ( j__*_uj 

Jl*_ ,__ - 5Jjj 13 - a__uj_JI JjjJIj <_*__! j-.iiJI ^__> ^j- - 
j__j ^yiL-tl _,"-»■ j II — __VI ^-3 I 0 1»_ j_a __*JL < *• ■ j~— ijjLlII La-jJj__j 
.^Ul^_0.65 
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^J->»M»t,feJ»_.l 

^u-Sj-a jys. juai i __ ^ uu jj .va\ ^.1 ,_a-i -L_yi - 

J>_. 4j__ jl jjl <>« _l jjj 4 J j__j U J_U> V .( _ jj 1 263) |»l j_l 

jj_. _Jii j_i _, II (^JUJ Uijj I j — _ -(^Ji 1385) Lj, — __i 3j__l 

.(4_jj 3363) lg,iin'i 2j__l J>U- JjjIj--! Ujj__ ^l _3ljjVl 

i3__ jj__ jL_e (jlj-jj (j_Jj_il J-«L_JI jl i<-»-»JI (j~ (»— jJI (_i— - 

j <L)l .noi ji—u La J^jIj "| — *J (^liJI i.mIj— II J— >_ UjLs 

U>. jj j iCt i 3 cl^JLI iln mj.l __i intl 3 fflr»ia JjJu _>_L>JI _,«lill 

Uj iLijjjl 3jL_ 4__-_J.I L_£j- _,__ Jj__ <— Ltj (^S (__J . j_iL_l 

Jjj >u« (j^jJ ji^^ i l lj _, oltl l (jjl — _JL> ,3—^ j Lj'jU j'>»JI U — $J 

. _J__I 3j_JI a j_ 

jj_i<_-jiL_i _^yj__ji«(><_-_i j___i j__,jU_l_jI- 

I tjia (j— — J 4j_ C_jl j, _;jjl Jl>JI _, II ,Lj _J 5j_ (j-a 3j_L_JI 

3j__l J}_- i(«JUJI ^gj" i ii fl (_yJ— 3jjj_ __fcj| (j^a jj _ i U __ j ir i I 
. iijUJJ >i__j~ 

i'11'i u—j-C . «Ijj (j a I SIU « _ajLgJI _, _J («J 4il i l i_ Ji j__JI _jlj 

JU_> __3 4j"it ill Li.ij4». ^Ut _jjj_JI >t__3 jl ^ a^jl ilnj jjj j_ _LiLuJI 
<_— — J .4jjj_]I I i" 3 La i n _, — _ ^jjj J_j Ujj jl jjj (_,— I i jjUII I — .i>.jJj)__ 

(jlj l4j"lT_lH Lijj-I L_9 4jj_(ljj9 3jjj__ J_jl (jl (j_J__JI I Jl^j i_Ji 

iTinUia <__> j^l LyjJ (jl Uj iii V .ija-Lljyij 4j__JI Lbj^a- __U_j 

.^j^pJI (^jJjJS-II JUJLI IJla ^ Ljy_____ u_y--^J <^UJ_ 4jjj_II 
_UjS_. Uj ,»j— 3 (j "ill 4_*ljJI jj^>JI — — i _U < l_» (_, II _L_yLij 

*.m oU-jj j^_ Uj>ll jl__jI ^ 4j__iij .4^1 (ji__±ji 

_ ^JJ _U_)?Li . jjLJI L_x>-^J j__ j JLs_a ^,- aljj__jjlj 
i i4jjj_JI j j a"< 1 1 — -aljJJ j— 'Ij^a jjj_J _rlj 4^j>-jLa S jua . i_Ujlj\-La 
4jl J-ill (>aj .j__-l ^ 4lj_ll ____JI Olji ,„11 J>_- UjUj (^jj 
—Jj^i». 3-Ljj ^a <(jpj_jj.l JJi — C jljjjj Jlj^aVl <»__ j_3 jljjj —Sj — — 

L_U1_ 4jjL^>VI oL_>.j_ai _L_! 4lj__>. £__jlj 4j__JI 

.j^ll (_>-jJj--JI JUJll cr* 
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»iUIIU*»l,_-J 

______.! i>j->_ £L__jl • 

__rt_> , jjLill L>_Jj___i , - 1 1 _ ; ~~ j pl/- ___ ĕu3j_»JU Sj^. aii ___| Ji«_ 

-_lJ _JI j_iVl jU-U jis-l .4_yaL!l JjAJ ^'iU JL _JI Jj_ 

J— J > L^_*L*_a ___ _,*! -r 1 1 1 j-,V_"llj jjLLII L>_Jj___> __iL_jj__j __i_- 4_u j_U 

_y« (2 - 14) Jj-_»JI 4 ij _ U_ f_CjJI _____ .«__ .__-j_JI» 4_La Ojjua- U 

4j"i-»-jll __L>j_>_il 4 nlr I _)!_) .4_y.LJI JjjJI lflMijLu S.Ij-k 4_u_ej 2_Sjl___- 

i^p- . JLUJI ^jl-JLI OJJ ^JIj L« JU-U I j_» ,J_ JLaLJI —Jjjli 4___L_-J1 

3l_il__a jl .3jl>.1j «_>_-J j j • ■■Hj '—'II !»__ _j_a Ll L$_jj__I _-jL_3 

oL-j-JLl j_>.j__)i L_. li/yr.jj .Sju-j Sj-Ja j-La Cjjj_»-t ___!! j^itl __L___jI 
Jjjdl (___ j-Lill L»-jJj___ij (<___ (__ia ____J1 __*jJI Sj j L^>.lj_ (j_JI 
___-}L - a _5j_____»JI 4_^j(____ -_u__JI -__I_lU ____j -_«__ 4 j-LLtl 
(___■ - _?>---'l ^ji-JI _j_ii L^-lj-^l Lg____j -_j___J1 __L_j_JLI j_*_3 

:_L_ _Jlc 

3j^.| dj____ jjjj-J 4_»-ji1 (___^j___-JI Jjj___t| _$ j' -___-__> - 

_>__j (_-_ Jj._— 1 I ju_ jmIi— o_— >- ____)) 4 jjjLJI jljil < in i <*>jjj j j ir->~— 

__iLj1_)_i_ _)l jJJI -_J_ i_jLj£_- i.-. Vii- (_! Juu __jj_II (_L_JI (jlj-J _j — a 

cJlj La (___J . jjLJI La.jJjiCil J>j,4J j_lj-_ _,__ __ __3 - >~'...'. Sjua. 

.(4_yaL_tl (jljdJlj 4aj_>_tl (jljJJI (j_a ^m-S" ___> -__sL__a 3 K .°i. 1. 1 

__>j_*-JI Jjjj»- (j_ _>_l — >JI JL_. Vl ^L_3j ___-j _JI jjj -jLc. - 

CjI>___II _>— « 3_L_- l_VI j»J— J . jjUI Ljw jJ j i __ij 4 ._-L>J1 4 joUll 

Lj_wjJj__jj — (_-3 (j— — j__~_J (j_>-LJIj *l «i*JI jj~ Ijj j-J C — 

4__L>.jJI» -jL ^a . JLtil I j Cb (__JJ 4______s_la _>j£. 4__S Jji-Jj . j_iL_ll 

.jyjo. ja u«4___jiij j_jl__ji»5j_ ) l__ j « j*i(>a UjjJ ji «^.i.: 5 .! 

jj>_j («_ j (ys jjLJI U>.jJj__ (iJj—j ijl _)_-»_ U (___> i 'lj< , Vit l - 

.___jJI jL___i>VI 

J_-lj 4j_J_ _j__j _ys ijJ^-eJ Uj (_-j_-U jaL til jl j-l _L_-'I fJJL - 

. 2 . ; U j 1 1 4___*J| _" l ,j a 
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. J--I jjl _jjj--!l ~JjJ J->— I <S\jU <— lL_. - 

.<j___-LJI _><=■ <>l j__-_lj £ljL>VI 4_>L_j uL£ - 

aau-.n 3u _vi ^ f j__ui ,juji jj_ __jj Jj__ji 3 j_=_j_ - 

<__ _h/jJJ <__JI -__UI <j oin jjLJI \_^jjj__jj («lc ^lj-lj f J — C - 

.a_i__L_Vi r j___i j_-ij_> 

(j___uil <_ _L__L> 4j_.LJI Jj-JI _-9 al«1l < S> Jl ^ <>"-_<> i—>l_ _>l - 

. Jj__JI _ „^V.H -jLi. <j~ 

:___> JjL*. 43jAj (_a _jL__JI _1_ __1_ <__i_ll cjLJi _>_->j 

jjLII L^jJj__jj («lc JL— a <_3 _>_>UJI _rt_>.LJIj cl nl«JI 4 x>.jj - 

JjL- _L*jI ____ _, al« . l l f_$LI — <_j ^Luj d A-r i l l (« — *_j4>. jjSjj <_, — II 

>_J <__ <J_I __a _►_> («l^Jjj 4^>JjJ U <<r I J->VI j j__jVL J jn") <3 jolr 

. |__J <L1^_ JjU. J-^J _>-> 4_L>L_JI -jU>.jJji < .~iII 

4_l j___ (J-.UJI JLu-Vl £___ v ji*j JjjJI __ ( j ? __-LJI f L_ - 
_-_Jlj ^jl — i___V I jjjjII — 1_ SjI — >JI 4j_=_JI jjjI — _Jtl Jjj-w (_a 

.j^JI 

3jl_L_JI <_jj_»JI jl <4 «jl-UI JL___JI Jjj ^JjjJI (jjL__JI - 

(_JJ_l.J 4jJjjJI 4_jL_J.I »___ J_uj .(jjjiJI (<i^j 4_l_*j «_ijl — __a 'ijiin <___> 
<4-lU«U -jljj^stJI _;j_ __a <_jj_ (_1_ i-iUlII ___ 4__L>JI _jLJ _l (__>! 

(_jJI .jjLJI L>.jJj__j *jjl___a Jjj-»-J 4_>.jil (-~j-_»JI c_-jJI _)-»! <iVilj 
. L^UjjL (0 1 <i~i U LSLc. 

„ .-.I ^tl„ : -l i - r Vl -.l JJ --tlO 
U».jJj___Ij f ji-JI JJ 4_jJ_jj (-jjdl *-<>^-«-U (-_->! ria -Jj jju J-J 

:_jjJL_I <j__> 4_5UJI ,-,-r 1 ir->L- <(jjj <"«!! oj—' 1 "* | "' a j— l J j J - > ' L>-* j 
L_.jj.j_;. (___ J i i<i"i 4__g-j SjuLj 4_>j_ <«___*ilj L*.jJj__JIj (« — LJI 
__*__! jjaj .ji- 5 -! (j__ (__j_v I Jj__ (j__»j _ --J--J L_£~ >L___ij LUjI j_ 

5 , I .-I I 3 '--j l j __J I <— ilj j La-J lj 3 -Sj Jt j l j^jLJL 4___>1_>JI _jL__ji__JI 
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4 n,> 3" jljjLa _/tj_i j J_""T " _£^ J-*jjl _> Jl -' (" J J 3"> <_r- __jjjJI JjaljjJI 

4___*il 4j-J <i"-vVI ■ -■lj_.j--.tl (_____L1I _>-jjJ 4_il_- l-Jj La IjLA .«j «jj 

ljjj_« 4-.I ii>-ill J i3 U j ,r-if jjja U Ju 4 j_-l i i/illj Ajjl <>i-»JI lLiIjj ail 

SS-Uill oju-SJ' 4jj ,yi U3i d A y"JI _£j__JI -_i_.L___JI oljj-JL, 

,4jjj_»JI I j-«.jjj___llj 4jjljjJI 4 — _-_U$JI 3jj___j l-__lj- <_»-"" J 4 — f-_-LU 

U$_--i_-) jjijJO LJj U _-_JI L-iUji-il lj-».jjj___)j __VU__iVI 3jjj L_Uj_-j 

.j»jJI _____ 4^Ui».VI SU-JI ___> U__j_i_1jj 

1 ■ ~- j t j 'X" 1 1 j p j I » 1 1 4 j I . — 1 1 2 ■■- 1 .-. I j . ■ .-. 1 1 4__i__aL_)_< Juuj 
-JUJIj 4_ujj_II L_Jj_ (___ _^_i-_l __ic.j .4_j>LJI (jl_J — 1_JI ___S 

(-hilLij --*--»_ll 4_jL_jj -cj L-jj U1_.LjjV — Ujj 3j3t_ 4-J.a.r (— a>i ___"__? 1 

4-dj.jJI .j-L-Jl Jjl- j ■ rT. Sj Vj . 4-JSjj jjl aJL-Jlj_.l_.L-Jlj4 jrU-.->.VI 
Jj . . U ->i» Lijl « Q-|-r n ___£ 4_^jJ jj__II —iljjjil ^a~.-r U 4jI -r" . nL 4 U ,"ijJLI 
_JJ ljjJ_J U I jlit .4_ijl__La ,.,,,,-n (jSJj ,-__, (JL-JI oUo-.-to J o ,Vi U_l 

cilj-Lii- _jIj_-_V (^j-JI -_JL_JI al.,i T . ^ 5L.^l__ai -Li_-.JJI _.lj_l_JI 

L$jl l-rii.r- .L_iL_l ___£Vlj i_jLc.lj-_i.VI __ic 4_uj-a 4_^U__Jj 4_j3- Jj___j 

.___-l a'.-».l (-Uaj 4_>-L>. __JJ lj__J _U_j .-Jjji. 4 uaj IjJ a .-. ; IU-. __ 

J»U-Vl JjJuOl _jJJ (J.--I C-__jJI _-JJ . f _-3__a jl ,»_, ,(_jjj_ jl ___j____ 

3jli_->. ...Ujijj jL-*jI ajjL__,j ,4,a.ti _.ijj_u 3 .^i.^ti -lj_.u__j.vi 

_i_>UJI _M — 3jJ ,]ny>> __i_- I — L.L_t^-j_G (_-ii-l_-II 4_SLj_tj4-rj ,„'i <_____ 

.4oj_1_I _.____T_ , lj a_j_>.jJj___iJI _.ljj__J 4_^ljil 4_^U__wVI 
__)_. jlj 'jj->— i _.j__ -_i_^U__ ; .VI L-iljjj<-,1l o'jjt (jlii JL>JI 4-jjU ij 
U-LjJjj-o^ jjLJI Lj_>.jjj__-i j 1 j _'■ UjL-c _-Jj_t-_--i J_C uijj ijj-c.l 3jj-__j 

(___( Jj-aVI L_lL>^-a _-— it ((jjj .Tnl lj (_5jl->JI (jjJUI (___! __JjVl ^ji.^-.I I 

_>_J 4j! ju_l_JI jjjj .-_*3-t rJUJI (___) 4jjU___.VIj 4_^L___JI _)LcL___JI 
_J_ jjLitl L__>.jJj___i ■-■! -_. .U~.i 4 1 -Ll cj I j j j j~t \ I ^ j__ («jj _)1 3jjj___JLi 

(_-JI lj__jL_U_j.4__jL_JI-_l_ll___JlL_l 

l-iIj jj»~i — .1 JL>.y Ijlrtijp _-_JI 4jj_>II jjja j^j-i jJ-_J U>- jjj X" 1 1 « j_> ^ 
3_.jJ__a _i>L)J_«_ JL-jJ JjJo (j-t <UlI Vi..iU 4__U__JI _jJo ___> S-i-ejjJu 


294 


*._»»*»»«* *_ill 

.(_,_-- jjjj__l in>U 4__-j_JI jcJUJI oU^OJc-a ^ -L_>-M_«J 

^iii l i til--") (j «_") 3 j j U -»J I (jl J (jjijJI («Jj— Jl i_Tjl— Jl (— <£jl - L -'_9 

(»JjJI 4-ilc (_-— Uj &U_jjVlj i4_uj_>JI Uyjjji^"!! tf j-_ 4jI_1j_ _jc JjjJI 
L_j_j }U>u l.ljin lfll«--j Lsjj i"ul>dl Lgj|-»-"i« jJjJ— 1 ^yS 4j_.jJI j»J_j 
.(«JUJI *U-jf (jJ" UjJI «UjLaJI 2jjjL_1 -J—J1 (jl i>»jii1 4__j__~ 

jjLJt i^yj^jiaau^tAjj^yi uu__t« 

U-»-jJji_" Lgj «Ji nT) (jjjJI 4 j i rti 1 1 CjIjJlSJI CjjLjI iJj— (j_« Lj j-O I a£ 

L^-jj-r-j U_ljju s __i_J1 jy^. (j^ SjUI ^ 4i- J(3 1L, 4__L_JI .jSUll 
JL>-jj i JjjJI _)l__jS_». 4 Ujii-»- cjjLj! i jj _l>. J£ — _u Lg ij"i j3 SjI — tlj 

4j_jlj (jja J_u (Jjiu ^«J jcJUll (jl i4 uiU. .(jjjJ.1 j_»laJ,l jljjjlj (j_jjJI 

*UL_I j_--5 <>Ui _-_>. 1975 ^UJI^ttjUjlj m.I» j-»_> (___ _jj_. U 

CjUilJ (jjjjjjl jr-» <i -»i11 Cjl ij"~M l_i cM—ll (jjo 4-_Uj 42jjj_ (_ll 4 — Uojj 

Cj_jI£> (jjlstJ __ J £J _j->-i 4 Ij itV** (_J| 4ljj— — > ,j a I (j \ 7i \ j t(jlj J->J1j 

4jU«t,l -_>UiJI ejjt (j^Lcl jLjI J_J . ej.i <i" « 4jij-v 4j_jjj »j «>"") Jjjjj». 
fj"r->J (_JI 4jj_U JjjJI CjUj__- Lc_ Le-a i4<ijir CjIjL__Ij t 1 j_u£ Vj_>- 
4_*_ljJI l-LL" i-n iU")l J___)J . J^UJLI J_-lj,jj_>.U)l 4__jj_s_j U J__jlj_-> 

,4jiL_jJI j 4ja1«11 4 Mjtil-j 4_jI jlo i (_jjJ,1 ^a"-»U (jl aol <___! 

4jjI_JI jIj— J 4j __». ijj_»J1 (j— J jjUJ! U>.jJjj_j (_yJ1 (jjjJajj (Oj>3 I jJ 

oLi_l_JJ 4jij-^11 CjUj-jjJI (___t (__jj_j_t CjjJ_»-j ij__ujl _)L_u I d i nii i 

4j3jj__4 (j£Cj ^cJ 3jjJL>- Llil I_l_t jjjj 4-lC f) 3» i_) JL9 Lo_s i Ijjjjj Jo L>Jlj 

SjiCJI (__ic 3U>JI (jjsjjLj LojO i Ujjajjjjj UjIc 4 ioj ( }1 l ! «-)") i Jj_> (j_a 
, f UflJlj jUjlU 4jjj_j Vl 
J_vijjaJ1j (j_u>.UJ1 4j_».jj (jja JjJ^ — II i_jUjSL>- 4j f j_- U jLUi L ___j 

1 4 j"i *r 1 1 1 p j" »~ _l ^a_jJ 4 <it- i>» CjI jjljjjjj ^<w_plj_LI jl >3jL_j ^ogjlt* 

^L—ilj iL — _jVl ,__lc 4jj-_>JI U>-jJjj__lj jjUJI *Uic j\j£j5 i____l 
CjjjjjJI 3j\^>-ij i3jjJ_>JI 4 — jjJ_II j_i_)__JI -rUil j__ 44-j.jJ.I 4 — j" i f jl l 
^Ijj j^I _jc j—jJI 1 n _— U 4JL«_ JjI _jj Jj jL-eulj i^Uc_>.Vl 4jjjLj 
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«j-l_IIL»<jl»j__i 

,_>-»>« (^y-jjjj-i J---J 4____aj (jL_>j__JI j_-_ J_^t (j^ __Jjj .,_>_» lj-aVlj 

<4^>JI __L_iL_l _jLLl-_j 3jU«U __l j^LUI ~_,jL_a Vjj _J_j • 
i_jL_j_M LL____ (Jjl«~ij L» j_bj __L-j___JI J » -■_■ j_-l _>_».__• ■ ( 1 1 ■ * j 

i5jj Miitl i_jj_jJI £J—J --LajUoll ~UjL_jVI __j_t_LI ^1,.1-t'imiI (jl_alj 
(jjs .V Jj>- ^ j i i iVi (__- I (j ii j lAjj 4jiij^j 4jjjLJI jl jJLI (J)jlV"n 4 uo L>JI 

._s._-.Vi 4___ii 4__L_Vij LjjUjSJi jijii 

i_ i>»_ i iSj, aj 4 -il"^» * _)'i-t.lj>_.J . "j j*"X | jL__ i_JLi_ j-SljJI __ _ 

,_£jl _-jL_ ij^Ijj JSLjj i u h-it- miI I _£j~__JL1 (__. j.4j_i jJL-a L_ j-_lj( _ , iij i '- - 
,-■1 V ,U'i *lj_». (j-a 4j-«L JjJ_> 4j j3— j (jl (j— <J _£ jjl _, ~-jS--ll jU^-tl (j| 

_ijj>_- ^ jJI < jr ii_*J1 jJ_WJI (jl ^jtj . L_J (jLaJJI _>_. I i . ilV~ ^jJI _£>».Vl 

. JjVl |»L_J,1 ___ ^jl ____)! jJai. j__ ^"LjjjLIJIj ~j f ___'l ujjj _JI 4j>».Ijj 

IjJij J_~_a j-aV .-jjjLiJI _Ls___Uj _l__oJ.I («—3—- (^J* -jJ— .1 Julj-JI (jj 

LjjLcl (__3 L<J 4.H-T--I-? L3j-l_ Jl>o 4-t->ljp l-VI __Ls_iil.l _!_. u t ,_!1 

*(_*_ _-_--». tj ._j1j_lj (^j-Jj—l JUI _i(lj______l (^ lju_j .4jjj_JI 

_liL_t__a __J1 4JL_JI 4jjjV|j j_~»L_JI 4j3 Jj-»-~~i _£_JI il__j > _JI j-^JI __J_ 

(«j_il__- («JL-II ^__ £_j_ _J juj !jj_9 j£. VI L_.*lj_i j-jla-; .__j V .«LjjL 

Lat <(___U L___ 4-_ajil j 4<__l _>_.ljj.Vl _>_. — !>_JI ^ynA .4j3>L_-t jj_ 

)4jjlJ__JI j-jjaLi-JI (_-L-L_jj jj__JL __!__! I ^^jl«'4 «lj_L_1l (j» (___.jJ11 
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jj-a^ ^yj Sjajjej — uiil «(jj^jjJj» <LaJ<. Jj*o! <aKII £> jjis jjSu I — a-ij ( 1 ) 
JjLsjj 4j^it_jjJJ LjLjjwl j)i j-JUoJI JalaJI JjJjJ (jjajJij «■ Lj^Ij Vl j j i m~i 1 

3 <l jj -fljl <i_jj)j=. j-oJ I S — iJJI (___) ^JJJJ LaJJJ • L° O^* — " ll>' 

<t_L_jjj_Vlj) 4jj___J.I (ji ~ <i 1 .1 n 1 1 _rujl -ajjl (ju («uLUI ^Llij^LJ 5 s-j-j 

.<UjaUJI <jJlLII ^jjsL. Js> J>-Jul L_Ui Jju (jj)jj-__J.I U^J^i -JljJi 

.(jjJLI <UU ^ ^) 100/1 = cm y.n.-,;„.ll (2) 
.(jjII^^Ji^.j*.) 1000/1 =mm jjjOJI 
.(jjJll cy> CjjA* ,>?-) 100000/1 = pm j^ 3j ^A\ 
.(jiLI jLJ- 1 000000000/ l=nm jiyiLIl 

^Juj <"m->- 3jajjjtj\l juloIjjlJI oIjj j ju-^Di jh->-jj,tj^n j mlr 3jj j — ij (3) 

^int a j^jJS «LftjJi-ll dJUb i»_tjj_5j (*JJJ jj^jjLj 0.075 JJ*J l_AjJaj3 ^j-ul — j-O-a 

.ju^ O.l^Jlj^ijii 

.-JJjJ.I <1U__ u I 4 j JSLjJI jjnn <«_ (4) 

(5) M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater. 

Vol.51 (2003) pp. 1481-1492. 
jjSLjjJI» tullS^ Ijj£j jlj>i j_jj^jJI il___--"'-M ^ijJI Ijla^Jj Lu^ Jjjj(6) 
-^L*____JI 1978 f UJI 3^jJI jjuJI .ajs^l ^lc j£ jjL__Jl «^..JjJI 
<j_iLi_' iiUjj) Lluj f j <^..jj'.jU".i jj-.c iii j'*ij'j i <_? .132.131 

(<JLc SJ __L_u .11 Lo.jJ j i<" 1 1 i_jLjJ_>_i f Ui L_ljjJI » jU-c LUX jjI — u-JI 

.25 , 11 cjU^ji .1982 f uu .59 jj_ji .<u>jj-ii 

jjjj i n ,.V> .jjLUI La. jj j>___ : bT jlj.i;<„iVl i__uj__, In-rn jj)j<J ilj -jl (7) 

.c-jj-JI SJjj ,___> j»^ c.VI Sjljj - cjJj-»JI iU_- .<Liji>Jlj) j, — L-JI ;jjj 

.159 152- oU_«i__Ji .2009 ^ .607 ^ ^Jl jjuJI 

SjJaLa JlJsjJ SjjjLill 4jL_lII ^ljjjS l_V !-flJjjj, J.a-g.a j>->J jLLm,! (8) 

JJuJI <(_.»,l«ll - I alU ■-■ jjSJI 4 u^jja - ^«ilill f J_i_JI <U_>t_<i ,4ji ,"ll 

.33 -25 ^L^ijjJi .2009 ^i .66 

. JjLJI j^jji (9) 

^LUI jjjj^JI SjLjj-jjjsi .Jj.L<jl5jjj 3 Uai u ^j5 P ljjiJ(10) 
http://www.aps.org/publications/apsnews/200012/history.cfm 
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(11) Binning. G. and H. Rohrer, Helvetica Physica Acta, Vol. 55 
(1982) pp. 726-735. 

(12) Eric Drexler, Proc. Natl. Acad. Sci. USA, Vol. 78 (1981) pp. 
5275-5278. 

(13) M. Sherif El-Eskandarany, Satoru Ishihara, Wei Zhang and A. 
Inoue, Met. Trans.36 A (2005) pp. 141-147. 

(14) http://www.zurich.ibm.com/nano/themes_history.html 


I<_jl_JI _t_a_dl yi*!^» 

■ U l .-.-, ... I } _| jll _,_,!___ 4___ljjL> ___l_j ^IJI fd*JI __J_ j_t, jljJ.1 (U_ ( 1 ) 

4__.Li._JI -jljolill j_lj Ig.j^j ajU.1 4j_.ij _>_alj-»JI _ll-i _^ 4__9>_J1 

-_,__l_Vi fi iiJi __ti (U*ji ij__ jjj». jj___jj._,_>ij_-ji __j_ _____*: (> 

.4__>LjJlj cljoj^llj t L__i__J 
^l i nTT.U _______ I _J j__ jjLJI L_*.jJj___ ^___ _7jL__lI (2) 

K /iKjaj 4j*Cj ,„_>_— I cl_jJ-JI jJ— 4^>-j j_s 3jUI JJj- 3-1 j-ii 

Newtonian Mechanicsa^Lujji isLjjisLiii (__L _jj__.i .,>__; 

4-__j __jA__JI t Lj_i_JI,i _)lj— - __-»_ eL*. L_j ___ l «_a L«_«.j-<> _ — ""J I ' 

> jil"~o __-o jljj.1 (»jl<-J tLjj-JI *l — _c ___a 3j jn" ia 4j_j 4__Jl cisjl — «JJ 
.4^__*j__JI __L__L>JI 

John Bolton and Others: Classical Physics of Matter, Institute of 
Physics Publishing, London, UK (2000). P 62-73. 

4___._vL_l ___<> j-u£ iLa _-i 5_)j__4j (— 4U __j— Jl 3j_J 4i_>_>_ ___ij__i V (3) 

__ j___ 3j_jST ____L___'I __JI __jl __1JI 4j__JI ^ljU-jlj JSI jVl ..Ui-JI j 

._>_. i_jL___ __jj .4- f __>ui i_jjVi ujj-Ji J^-~ 5__ .y.u 5jj ,,,<■ 

<(_j_>.jj jJlj «_;j-> !_>«Lijj» jj i,ij'^jj-iJI ^--jj-a^/l (_Jl_JI i__J"Lj .jj-Lij 

: J>L>- _-3j_- il_--Vl 
^_)j____ 4 o--j_j «_)_}-> ___jL_jj» t rtjll- .4_)j_J.I (<i__J__ cc4j___J1 3jj_l 4 — j_-i>i 

.288 __!] 261 ____ _l____ji .1992 ,-LJl 168 (____ ____, . jy^ 

._jjSJI -Jjj - v bVlj _,j_-Jlj 4_,L__U jjjJo jJI _>_-*Jll j-iLUI 
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J_«_. _>_ 1906,-UJI tb^l^Jj^spU.pj) ,„.»»_i.JU (4) 

_?JL~j) 5j<iUII 4- i_jJl_ 3j_,j 4jjj Sjf JlCCjj .3j jjl JL>_<- (_,-* 3-1 -IjJI 

_£_JI « jj^-jjlj,. j_^ — _JI(«JUJI Lpj j_ c_jj _n_- L^>__-_j L-a-lj- 

^SUj l < j , „ i ii 3j_l_>JI L__ul Jj^-jjlj JLj ___a. ._j_jjj_«£l- jjjijAj J_-i J_u 

_j_L>J.I J& Jj>j 3j_L>_j _,jj-L_l 4__il_ ,____ £•}__}_! . 1908 ,-UJI Jt 
^ll4__Jj_« _____*. jj. 1906 j -UJI_____j 1901 j»L_»JI -1- 4 

•_)lj . - <jjj j$ L_JI 4_L _JI ____ jj>3.j)ji _j_b_a SjjLtU ^ -i ■ - j 'l 
http://nobelprizes.com/nobel 

j^jS 4j___j _jj» J__>3 £JU? LU- JJLiJI 5j___.j __JI 4jj_j (_ L_i_ _j__ (5) 
___II .SjjJI j_j j^s-_t>JI U jj____ S-Ji-ljJI 2ULJI . ij<j_ j.L_j _j___> 

____ Clljl J-o (__,_ L$Jj_- --. — — jJ J JJ— i Lg-- jji _iUj __>• L$JI c_l j_>_ 

Sljuk _JjUI LjjS' ,___ (•i^-" ( « i e—o l (_-- _n-ij .Ijjjl^j J_p- 

,,_i__JI Ijl* __Jj_ <|U,„Uj JSL-JI ju__j (hja (•_ (6) 

J±j- 5 j-5L»- _U-«- eL-jje-J 1 _•_-—<- chUi (_JU (7) 

Jj _/-l j_jJ___JI -___ __a i-ilt. 4j Ju ,____ ,1918 (-1 _JI « L_jju_JI 

,_j_i_j j-__. J. _il_JI _)>-" _)W! _J £>— Jl (j-ai-JI Jj->JI (« i-,j -■ 

j-aU^JU __j_L__il JS J_. _____ 4j<Cj ...jA-ll c Ljo_JI 4_j_Ij___- 

C__j_- 3jyj_>. 4jjJ__J <£__Lj_> JjLi. _j_a __ — lj« .-L^l-ijuiJL, 4-jjj_JI 

(j_. -U_>-~ 4_Jj-_ij .jjLUI (_1_ _>_l L_l JL_J (___ll (<__JI __jjl_U_ (« L_L 

_>. 268 («_ jJi a________i _____ ^jLL _i ___-_;. jj ljh u_Ji <«_juji i___ 

_£jL_JI Ul . J___JI I j_* _ji_jl^A (____ _ij--U JW 1 — 3 (_3jJI j->-jJll 

<U -l iijL_ ,«_JjjU» _jljL>_l_5 3L_- >_. Jjj_jI__JI 3-1 «-Sjj-aj («-^il 

:<u!_JI jls-I jJLI j_-l _>_ _>>L_,VI 
MaxPlanck,ScientificAutobiography andOtherPapers.Philosophical 

Library, New York, 1949. 
Nobel Lectures , Physics 1 90 1 - 1 92 1 , Elsevier Publishing Company , 

Amsterdam, 1967. 
j__l _jU__LjJIj ^L-jj^i-JI (<JUj ____jj_oJI __J1 5__».L_ _> I; ,„1 (8) 

^LaJI f.ljj^__JI (^j-S 3j__l_x _L___)L_-. .^jjLlJii uT l_jj_jJ1 jj^. _uuj ^J_^-jJ I 

___jj ll* __>_, ,M_l_3?^j.^UJi_>^i > ^i^-_-_ >; i-._ ? 1921 
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4jjfciill (— — iL iaj^jJLI 4jjjJ_j _►_ 4 .niii) _>jI" .'i.ijT 4j_£ J>_-" , J >— i— £ 
KjiKjo £_« 4jjJ__JI c«>Mj t-ajS" 4-i_ ___>j)? i*-.j - .4_ij — __JI 

U 3 SLJ<,^>L^U.,^lj3jjiJI ( »JL»JI .,__.!« , T^lj^JI 

_;_£ _dl _r_-j) .4_jJ_OI *Lj-i-JI _j-_- __3 JjVl 4jj)IjJI j_--- L_- 

_>->l", ,Vijl — _J17.ll _|— — ■ _JU_ ___ Zi — _3j__t (j— 1L9 ir»V — 1— Jl 

c__j__ (___! L_J I i_i__JI 5*lj___ _ju (j_Jj) . j_3 ___bL_j) __jL_>j_ j« IL_> 

__-L _-i___JI ! JjiiMI jl j<1l (j_ _U--^I («JL_J _3j i.ilj^ 4j| L_ajf 

.(j r-> i nV"l ,lj) 1 rtri" , l ,l _JjL_II _►_ JS 4-La ljn"i i njl .U i n ia i_jjJ__,L 

Albert Einstein,The World as I see it. Adivision of Lyle Stuart Inc, 
New Jersey,The U.S.A. (1949) . 

Sjji-jJI , njltj .4_>j_J.I («J__ (<4 jjj__»JI _ij_JI __a (_LJI 4____» _jl__ (9) 

_jL_i__Jl .2000 ,-LJl 264 (_« jJl _j_ji ._ r _J > iJl ___jJ_ ,__4 
->_o.V_o_j--ijH m^ii^j>ji 0 -L-.Ij---jL-I .203 ___ii 173 

.OJj_JI -Jj. 


,i_J__t I J__v_Jt JLa\ >_> 

(1) G. Bums, Solid State Physics Academic Press ,San Diego ,1985. 

(2) C. Kittel, Introduction to Solid State Physics, 7th ed., John Wiley 
& Sons, Inc, New York, 1996. 

(3) K. Boer, ed., Semiconductor Physics, Vols.l and 2, Wiley, New 
York.2001. 

Jjj_>L_i _}U--I (j_ 4___j ___jJI __« I < . m"i - («JjSJI -O-oJI J-ti J_) (4) 

j! J_-l 4jj,L_ JiL- (>- __J_j ..Ijll ______ J__vjj(__l 4jjjJ-JI ,___JI 

:_nJ_JI __-*jJ.I >-> 

William D. Callister, Jr, Fundamentals of Materials Science and 
Engineering, John Wiley & Sons, Inc, New York, 2001, ISBN 

0-471-39551, pp. 30-75. 
M. Sherif El-Eskandarany, Materials Science: An Introduction, 
DAR AL-FIKR AL-ARABI, Cairo 1999, ISBN 977-19-9716-5, 

pp.35-62. 


302 


^^SLiitSLij» Joi __i -ijj--' -j' 4 _>jl>- CjIj -_j_-_*j («_J L« (5) 

I j_» u Ir 5 h'«ll--l,l u _ __lj j_JI _L_ 5jJ__ jij -' ^jl j ». jl 

.^i^-JI^-l 
.^i. "•__- Cr^ J>_ J ^ Ll _!!>L_.VI I j__ ^ (6) 

(7) M. Sherif El-Eskandarany, Journal of Nanoparticles, VoI. 2 
(2009) 14-22. 

. U_l ___J 1 t_A__> L__J J_-5 d U . i jJSLlJI JLi-UJ^ fl J 1 ' -^" (8} 

Ljjjj L*2lji fe_j3 ^ W"j>-Vl -tjJU _1j__- <> ^ J - Jl ( 9 ) 

.(j—jjlII Ijl^J L__LU oljjl £-^jJ.I _ij_-j — ^ iLul^— — 
M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater., Vol. 

51 (2003) pp 4519-4532. 
(10) M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater. 

Vol.51 (2003) pp. 1481-1492. 

.j_u ^--ijJ^I <__.L__J1 lj___jl4ji_JI -J-jJK au t>»(ll) 

.4_w__JI S J _._ i __jJ -j^jL-I 4_L_JI : t -.l > li< ,,,)M _u>__ J.gT. a (12) 
JJJ—I ,66 JJL-JI .(_, nltll j»J__l __jj_JI 3 j " - I ' -* 1 1 ~Lb_o 

.33 25-"_Un, nll.2009 

(13) M. Sherif. El-Eskandarany, J. of Alloys Comp. Vol. 391 (2005) 
pp. 228-235. 

(14) Michael U. Niemann,et al,. Nanomaterials for Hydrogen Storage 
Applications: A Review. Journal of Nanomaterials. Vol. 10 (2008) 

Article ID 950967, pp. 1-9. 

(15) Nam-Jung Kim et al., Current Applied Physics. Vol. 9 (2009) 
pp. 643-646. 

yijji J«_Ji u _-)j_ 

t5U»VI JujUI y__- (jji-J J_1 .tjn.nV.ll _J jSj ,__#ll -?j__U ( 1 ) 
lj_>- -JJ_- .i___lj l _ > _ljjJI i_j_ (j-a -I^JtLl 4j_JI , ,1<ll J___l 

,___j (__J_JI fe-^jJ.I J-Jj • l£j—*' -— L— Lj jl 4-ujj-)L> i-jj—-- L« I ^ i -j 

:(_,_jj_JI Ij^j 


Raymond A. Higgins, The Properties of Engineering Materials. 
Edward Arnold Publishing, Inc, London, U.K. (2004), ISBN 0-340- 
60033-0. P. 230-382. 

4j>.jJ_ ,,<_jjj_.l » j «JjUJI» Cju 4l jj_!I <ys LL, jJ£ j_i ^\ ,U|-,Vj (2) 


t^—JI ^jjjjjjJS/I j inir _j_ 4jVj£ i^^iill ^jjjjjjJ^I _jJL_s .}_a J>"" 


l»_J 4j_JI 4jji.--.iII 3JUJI _j__ jj.t'11 LiJl__ Ls I j] 4jl Jj—-! w ' 

jl jilj (_ijJI >*JI_j v^'_9 "^' ** i<^jl Vi .iii ij»_jj_>jJVl j»L>- (j£Jj I « 

.^jjldjj^l jj_ 4ji.Mil.jf JU }_.4j_j_ a ^jJ^4_^l_l^jj>.Vl 
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